Does the attendance of a critical care paramedic at an adult cardiac arrest in Queensland improve patient outcomes? by Rhodes, Jamie N.
  
DOES THE ATTENDANCE OF A CRITICAL 
CARE PARAMEDIC AT AN ADULT 
CARDIAC ARREST IN QUEENSLAND 
IMPROVE PATIENT OUTCOMES? 
Jamie Nathan Rhodes 
BHlthSc (Paramedic) QUT, MCritCareParamed ECowan 
 
 
Submitted in fulfilment of the requirements for the degree of 
Master of Applied Science (Research) 
 
School of Clinical Science 
Faculty of Health 
Queensland University of Technology 
 
 
2016

 Does the Attendance of a Critical Care Paramedic at an Adult Cardiac Arrest in Queensland Improve Patient 
Outcomes? i
 
Keywords 
Advanced cardiac life support 
Ambulance 
Cardiac arrest 
Critical care paramedic 
Emergency Medical Service 
Heart arrest 
Intensive care paramedic 
Pre-hospital care 
 
 
 
 
 
 
 
 
 
 
 
 ii Does the Attendance of a Critical Care Paramedic at an Adult Cardiac Arrest in Queensland Improve Patient Outcomes? 
Abstract 
Despite considerable changes in practice and decades of targeted research, 
survival rates from out-of-hospital cardiac arrest (OOHCA) remain low.  In 
Australia, there has been a steady decline in rates of cardiac arrests as a result of 
cardiac disease, however it remains the leading cause of death.  The current body of 
literature supports only basic life support measures in the pre-hospital setting, 
however previous examination of OOHCA attended by the Queensland Ambulance 
Service (QAS) found a survival benefit that was attributable to the attendance of 
highly skilled Critical Care Paramedics (CCPs).  Since this study there have been 
several changes in resuscitation guidelines, and in the scope of practice of both 
Advanced Care Paramedics (ACPs) and CCPs in Queensland. 
This study aimed to determine whether the attendance of a CCP at an adult 
OOHCA of presumed cardiac aetiology is still associated with a survival benefit, 
despite the diminishing gap in skill sets between CCPs and ACPs. To achieve this 
aim, several research questions were posed: (1) what are the demographic/pre-
hospital characteristics of adult patients suffering from an OOHCA of presumed 
cardiac origin in Queensland, Australia? (2) Are there any significant differences in 
patient demographic/pre-hospital characteristics between those patients attended by 
CCPs and those not attended by CCPs, or the interventions provided by each skill 
set? (3) What are the differences in pre-hospital characteristics, demographics and 
interventions, between those patients who survive (achieve ROSC, survive to 
hospital, and survive to hospital discharge) and those that die following an OOHCA 
of presumed cardiac origin in Queensland, Australia? (4) Does the attendance of a 
Critical Care Paramedic at an adult out-of-hospital cardiac arrest of presumed cardiac 
origin in Queensland, Australia provide a survival benefit? 
A retrospective analysis of data that is routinely collected by the QAS and 
Queensland Health was completed.  The QAS collates data from all OOHCAs in 
their cardiac outcomes registry.  Data from the cardiac outcomes registry was then 
matched with the data from the Queensland Health Admitted Patients Data 
Collection and the Death Registry allowing a comprehensive review of patient 
outcomes.  The impact of CCP attendance on survival was assessed across three 
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outcome measures: (1) attainment of sustained return of spontaneous circulation 
(ROSC), (2) presence of ROSC on arrival at hospital and (3) survival to hospital 
discharge to enable review of short and medium-term survival outcomes.  Further, 
two sub-groups of patients, those patients that were transported to hospital and those 
patients that were admitted to hospital were analysed.  This allowed the group of 
patients with the best possible prognosis to be analysed separately from the whole 
group, important when survival from an OOHCA is such a rare event. 
A total of 26,003 cardiac arrests were attended by the QAS between 1 January 
2007 and 31 December 2012, of which 6,043 were included in the final analysis.  
The final study population consisted mostly of males (696%), of almost 70 years of 
age (mean age 69.28 years).  More than half of all patients suffered a witnessed 
cardiac arrest (53.3%), whilst almost two thirds of patients (62.9%) received 
bystander CPR and little more than a third (35.5%) were initially in a shockable 
rhythm on arrival of paramedics.  
In cardiac arrests attended by CCPs, a greater proportion were witnessed 
(55.1% v. 49.2%, p < 0.001), receiving bystander CPR (65.4% v. 57.2%, p < 0.001) 
and in a shockable rhythm on arrival of paramedics (38.1% v. 29.3%, P < 0.001), 
likely due to the greater proportion of cases attended by CCPs being in major cities 
(71.2% v. 37.7%).  Patients attended by CCPs were also more likely to receive 
advanced cardiac life support measures such as intubation (64.2% v. 0.7%, p < 
0.001), cannulation (90.3% v. 62.7%, p < 0.001) an pre-ROSC adrenaline (87.6% v. 
51.0%, p < 0.001). 
Crude analysis of the data revealed that advanced cardiac life support measures 
were inversely associated with all survival, with the exception of cannulation and the 
administration of post-ROSC adrenaline.  Despite this, crude analyses of the 
relationship between CCP attendance and survival found that CCP attendance was 
positively associated with the attainment of sustained ROSC (OR 2.19, p < 0.001), 
and the presence of ROSC at hospital (OR 2.03, p < 0.001), but not survival to 
hospital discharge (OR 0.93, P = 0.555).  Further, in the sub-group analysis of 
patients who were admitted to hospital, the attendance of a CCP was inversely 
associated with survival to hospital discharge (OR 0.53, p < 0.001). 
Multivariate logistic regression models were built, using variables that where a 
significant relationship had been established in the crude analyses, to determine the 
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relationship between CCP attendance and survival after adjusting for other variables.  
For the outcomes “attainment of ROSC”, and “the presence of ROSC” at hospital, 
the attendance of a CCP was not found to have a significant relationship with 
survival.  However, amongst those patients with the best possible chance of survival, 
that is those that are admitted to hospital, the attendance of a CCP was associated 
with more than a two-fold increase (OR 2.19, 95%CI 1.301 – 3.675) in survival to 
hospital discharge. 
Results of the crude analyses and regression models were conflicting, resulting 
in further investigation of the data.  It was noted that patients attended by CCPs 
received significantly more pre-ROSC adrenaline than those not attended by CCPs 
(87.6% v. 51.0%, p < 0.001).  It was further noted that those patients receiving pre-
ROSC adrenaline were far less likely to survive despite having more favourable pre-
hospital characteristics.  The completion of crude analysis and regression modelling 
of those patients who did not receive pre-ROSC adrenaline found that the attendance 
of a CCP was positively associated with survival (all outcome measures and sub-
groups). 
This research provides an update of the impact of CCP attendance at adult 
OOHCA of presumed cardiac aetiology following significant changes to 
resuscitation guidelines and the scope of practice of QAS paramedics.  The results 
highlight the positive impact of CCPs on medium-term patient survival, but also the 
complexity of cardiac arrest management, and the need for future research. 
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Glossary  
Advanced Care Paramedic 
A paramedic capable of providing “rapid response, emergency medical 
assessment, treatment and care in the out of hospital environment.”1  In Queensland, 
Advanced Care Paramedics are authorised to provide basic life support, manual 
defibrillation, intravenous access, intravenous adrenaline, bag-mask-ventilation and 
laryngeal mask airways in the setting of cardiac arrest.2 
Advanced life support 
“The provision of effective airway management, ventilation of the lungs and 
production of a circulation by means of techniques additional to those of basic life 
support” 3 
Basic life support 
“The preservation of life by the initial establishment of, and/or maintenance of, 
airway, breathing, circulation and related emergency care including the use of an 
automated external defibrillator” 3 
Bystander cardiopulmonary resuscitation 
“CPR provided by a person who is not responding as part of an organised 
EMS response” 4 
Bystander witnessed cardiac arrest 
“One that is seen or heard by another person” 4 
Cardiac arrest  
“The cessation of cardiac mechanical activity as confirmed by the absence of 
signs of circulation” 4; “Cessation of heart action recognised by the absence of 
response, absence of normal breathing and the absence of movement” 3 
Cardioactive medication 
Medication that has an effect on the heart (i.e. adrenaline).5 
Cardiopulmonary resuscitation 
“An attempt to restore spontaneous circulation by performing chest 
compressions with or without ventilations” 4 
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Critical Care Paramedic (Intensive Care Paramedic) 
A paramedic who “is an advanced clinical practitioner in Paramedicine who 
provides medical assessment, treatment and care in the out-of-hospital environment 
for acutely unwell patients with significant illness or injury”.1 In Queensland, 
Intensive Care Paramedics (now Critical Care Paramedics) are authorised to provide 
intraosseous access, external jugular cannulation, amiodarone, magnesium, sodium 
bicarbonate, calcium gluconate and endotracheal intubation in addition to the care 
provided by Advanced Care Paramedics.2 
Defibrillation 
The delivery of a direct counter current shock (electricity) to the heart to stop 
fibrillation.5 
Endotracheal tube 
An advanced airway that sits within the trachea (endotracheal intubation is the 
verb associated with placing the endotracheal tube).5 
Intraosseous catheter 
A catheter that sits within the bone.5 
Intravenous catheter 
A catheter that sits within a vein (cannulation is the verb associated with 
placing the catheter).5 
Response time 
Time from ambulance dispatch to arrival of the ambulance at the scene. 
Return of spontaneous circulation 
“restoration of a spontaneous perfusing rhythm that results in more than an 
occasional gasp, fleeting palpated pulse or arterial wave form…(approximately 
>30s) restoration of spontaneous circulation…”4 
Supraglottic airway 
An advanced airway that sits above the glottis (e.g. laryngeal mask airway).5 
Time on scene 
Time from paramedic arrival at the patient to time that the ambulance departs 
scene. 
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Time to cannulation 
Time from paramedic arrival at the patient to time the first attempt at 
intravenous access is made. 
Time to defibrillation 
Time from paramedic arrival at the patient to time the first direct counter 
current shock is delivered. 
Time to first adrenaline 
Time from paramedic arrival at the patient to time the first dose of adrenaline 
is administered. 
Time to intubation 
Time from paramedic arrival at the patient to time the first attempt at inserting 
an endotracheal tube is made. 
Time to LMA 
Time from paramedic arrival at the patient to time the first attempt at inserting 
an LMA is made. 
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Chapter 1: Introduction 
Chapter one outlines the background (section 1.1), context (section 1.2) and 
purpose of the research program (section 1.3).  Further, it describes the significance 
and scope of the research (section 1.4). The final section of this chapter (section 1.5) 
outlines the remaining chapters of the thesis.  
1.1 BACKGROUND 
1.1.1 Out of hospital cardiac arrest 
Cardiac arrest is defined by Jacobs, et al. 4 as “the cessation of cardiac 
mechanical activity as confirmed by the absence of signs of circulation”.  Despite 
considerable changes in practice and decades of research, survival rates from out of 
hospital cardiac arrest (OOHCA) remain low.4 Globally, an average of 213.1 per 
100,000 adults suffer an OOHCA, with an average of 72.0 per 100,000 of those 
being of cardiac aetiology.6 In Australia, there has been a steady decline in rates of 
cardiac arrests as a result of cardiac disease, however it remains the leading cause of 
death with 44.0 deaths per 100,000 being attributed to an OOHCA of cardiac 
aetiology.6,7 In the 2014 calendar year in Queensland, the Queensland Ambulance 
Service (QAS) attended 1,950 OOHCAs where resuscitation was attempted. 
1.1.2 Basic life support 
Basic Life Support (BLS) encompasses the essential aspects of providing care 
to a victim of cardiac arrest, including recognition of cardiac arrest, activation of 
emergency medical services (EMS), early cardiopulmonary resuscitation (CPR), and 
rapid defibrillation.3,8 EMS providers of BLS often carry a range of basic airway 
adjuncts to assist with effective airway management.  These may include a bag-
valve-mask (BVM), nasopharyngeal airways (NPA), oropharyngeal airways (OPA) 
and in some cases supraglottic airways (SGA).6,8,9 In addition to providing basic 
airway management, BLS providers are generally equipped with an automatic 
external defibrillator (AED).6,8 The education requirements for BLS providers vary 
from a first aid certificate, to a diploma level of education, and in some instances an 
undergraduate Bachelors degree, dependent upon organisational and statutory 
requirements relevant to the location.1 
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1.1.3 Advanced cardiac life support 
Advanced Cardiac Life Support (ACLS) includes all interventions within the 
scope of BLS and additional skills, including the placement of advanced airway 
devices; the insertion of intravenous (IV) or intraosseous (IO) catheters; the 
administration of resuscitation medications; 12 lead electrocardiogram (ECG) 
interpretation and manual defibrillation.3,9 The provision of ACLS requires 
additional education and training, however the requirements to practice at this level 
vary from limited in-house vocational education, to University based postgraduate 
study at the Graduate Diploma level, combined with “on road” experience 
requirements.1 
1.1.4 Emergency medical services 
Vast differences in EMS systems are reported nationally and internationally, 
however they can often be grouped into two main systems – the Franco-German 
system and the Anglo-American system.10 The key difference between the two 
systems is the point at which a doctor comes into contact with the patient.  In the 
Franco-German system a doctor travels in an ambulance to the patient, whereas the 
Anglo-American system utilises paramedics to provide initial triage and care prior to 
transport to an appropriate hospital.10 
Australian ambulance services operate within an Anglo-American system, 
with each state and territory operating a state/territory-wide service that is available 
to all members of the public.11 The QAS operates across Queensland and covers a 
decentralised state of more than 1.73 million kilometres with approximately 1,000 
offshore islands.11,12 The majority of 4.6 million Queenslanders reside along the east 
coast, which also sees more than 160,000 tourists each day.11,12 Currently the QAS 
operates primarily a two-tier system consisting of Advanced Care Paramedics 
(ACPs) and Critical Care Paramedics (CCPs, previously Intensive Care 
Paramedics).11 Dispatch protocols are such that, where available, a CCP is 
automatically attached to a suspected cardiac arrest and are often second on scene.12 
CCPs are assigned to a station based on local directives, resulting in an uneven 
dispersion of CCPs across the state.12 As a consequence, a single tier model may 
operate in more regional locations, whilst a true two-tier system operates in most 
metropolitan settings. 
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ACPs are required to hold a minimum of a Diploma level qualification that 
was attained through in-house vocational training with an ambulance service (prior 
to 2003), however there has been a transition to the employment of university 
qualified graduates in the last 10 years.  These practitioners undertake a 12-month 
graduate program following the completion of a relevant degree.13,14 In the setting of 
cardiac arrest, Queensland ACPs are currently able to perform a range of basic and 
advanced cares including the use of OPAs, NPAs and SGA devices; IV access; the 
administration of adrenaline and normal saline; and manual defibrillation.2,15 
Queensland CCPs are required to have at least two years on-road experience 
as an ACP combined with postgraduate study (minimum graduate diploma) and 
several months of supervised practice and ongoing training.13 CCPs are expected to 
be clinical leaders within the organisation, and must demonstrate a high level of 
clinical knowledge, expertise and clinical leadership.16 Over the past eight years the 
scope of practice differences between CCPs and ACPs skill set in the setting of 
cardiac arrest have diminished.2,12,15 Currently, the only distinct skill differences are 
(1) the insertion of an endotracheal tube (ETT); (2) insertion of an IO catheter; and 
(3) several pharmacological agents including amiodarone, sodium bicarbonate, 
magnesium and calcium and post-ROSC adrenaline where required.2,15 Figure 1 
displays the changes in skill set over time of both skill sets.  Appendix A shows the 
current skills matrix of ACPs and CCPs, and Appendix B shows the treatment 
algorithm for cardiac arrest.  
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Figure 1 Timeline of QAS practice changes (author’s figure) 
1.1.5 Current guidelines 
Despite major advances in pre-hospital care, survival to discharge for victims 
of OOHCA remains an uncommon event.17 Every five (5) years the International 
Liaison Committee for Resuscitation (ILCOR) publishes the latest recommendations 
based upon the best available evidence to date.  The most current edition, published 
in 2010, maintains a focus on early, good quality CPR, and early defibrillation of 
shockable rhythms.6,9 Due to the limited availability of high quality evidence and a 
lack of consensus amongst the existing literature, ILCOR is unable to provide clear 
guidance on the provision of further cares.9 ILCOR suggests that each individual 
EMS provider examine the resources they have available to determine the best model 
of care for their particular setting.9 
In 2007, Woodall, et al. 12 published the first analysis of the provision of ACLS 
to patients in Queensland, Australia.  These authors demonstrated a survival benefit 
attributable to the attendance of CCPs at adult cardiac arrests.  The Woodall study 
contradicted earlier works, including the landmark study by the Ontario Prehospital 
Advanced Life Support (OPALS) study group, which demonstrated no significant 
increase in survival overall, or for any subgroup.12,18 Unfortunately, Woodall, et al. 12 
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were unable to attribute the survival benefit to any individual skill that CCPs 
performed, concluding that the survival benefit may be attributable to their clinical 
decision making and experience. 
1.2 CONTEXT 
Despite a large volume of evidence examining the best approach to OOHCA, 
there is insufficient quality evidence to provide clarity on the issue of providing 
ACLS.  Previous examination of QAS data showed a survival benefit attributable to 
the provision of ACLS by CCPs for adult OOHCA patients.12 However, since the 
publication of this study, there has been change in the interventions provided by both 
tiers of the service (see Figure 1).2,12,15 In light of these changes, it is essential that 
more recent data be analysed to ensure that the current model still reflects best 
practice.    
1.3 PURPOSE 
1.3.1 Aims and objectives 
The aim of this research is to determine whether the attendance of a CCP at 
adult OOHCA in Queensland is still associated with a survival benefit, despite the 
diminishing gap in skill sets between CCPs and ACPs.  
1.4 SIGNIFICANCE AND SCOPE 
1.4.1 Significance 
ILCOR recommends that each EMS provider assess the evidence and the 
resources available, and implement a guideline that focuses primarily on BLS, but 
also allows for the provision of ACLS only when BLS measures are unaffected.9 
Since the publication of Woodall, et al. 12, there have been multiple changes in 
resuscitation guidelines and in the scope of practice of CCPs and ACPs in 
Queensland (See Figure 1).  It is therefore important to reassess the survival benefit, 
if any, provided by CCPs in the setting of adult OOHCA in Queensland.  Given that 
the gap between the skills offered by ACPs and CCPs is reducing, results will 
provide further insight into the intangible non-technical skills and knowledge that 
CCPs possess. 
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1.4.2 Scope 
The scope of this study is a retrospective analysis of routinely collected data 
from the QAS cardiac arrest registry and linked Queensland Health patient care 
records.  Whilst there are differences between ambulance services internationally, for 
services within Australia, and other Anglo-American style systems that have similar 
operational and clinical frameworks, the results will be of relevance. 
1.5 THESIS OUTLINE 
The first chapter of this thesis has provided an introduction to this research 
project, including a brief background, aims of the study, and its significance.  
Chapter two provides a literature review, which details the current literature in the 
research area, and identifies current gaps within the literature.   
Chapter three details the research methods, including participant selection, data 
collection, data analysis plan, and the ethical considerations for this project.  
Descriptive data and results of the analysis form chapter four.  Chapter five provides 
a detailed analysis and discussion of the results in light of the current evidence, 
highlights the unique contribution of this research, outlines the limitations of this 
study, and provides recommendations for practice and future research. 
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Chapter 2: Literature Review 
The purpose of this chapter is to review the literature regarding the provision of 
ACLS in the setting of OOHCA.  For ease of review, several key areas will be 
covered.  First, an examination of the differences between providers of ACLS and 
providers of BLS will provide insight into the impact of provider skill level on 
survival rates (Section 2.1).  Section 2.2 reviews the literature pertaining to specific 
ACLS interventions including the use of IV adrenaline and various advanced airway 
devices.  Recently, human factors have been discussed as possible contributors to the 
survival outcomes, and will be covered in section 2.3.  Finally, section 2.4 provides a 
summary and canvases the implications on future research. 
2.1 PROVIDERS OF ACLS V PROVIDERS OF BLS 
Early recognition of cardiac arrest and the provision of BLS, including high-
quality chest compressions and early defibrillation of shockable rhythms form the 
first three, and most vital links in the “chain of survival” for cardiac arrest patients 8.  
These three links focus primarily on community response to a cardiac arrest, and 
with the exception of providing a defibrillator, remain outside the scope of EMS 
response in most settings.  Several studies published in the past five years have 
attempted to quantify the survival benefit that can be attributed to the attendance of 
clinicians who are able to provide ACLS, compared to EMS staff that provide only 
BLS care. These reviews include one systematic review and one meta-analysis.19,20 
Whilst differences in operational frameworks, skill sets and training makes 
comparisons between studies difficult, four of the five studies reported significant 
improvement in survival to hospital discharge that was attributable to the attendance 
of ACLS providers in addition to BLS providers.17,20-22 
   Studies where Physicians provided ACLS showed the greatest improvement 
in survival to hospital discharge, and also survival with favourable neurological 
outcomes.20-22 Interestingly, Hagihara, et al. 22 demonstrated that the presence of a 
Physician in the ambulance improved favourable neurological outcomes overall, with 
the exception of cases in which the physician was the third team member (rather than 
a fourth), where no survival benefit was reported in the adjusted analysis.  In addition 
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to this, Clarke, et al. 17 and a meta-analysis by Bakalos, et al. 20 demonstrated that the 
attendance of highly trained paramedics improved long term outcomes, and in the 
case of Clarke, et al. 17 the clinician did not perform any technical tasks.   
Bakalos, et al. 20 reviewed randomised controlled trials (RCTs); controlled 
before-and-after trials; and other controlled trials, that compared ACLS to BLS in the 
pre-hospital setting. Examination of the individual studies that formed part of the 
meta-analysis by Bakalos, et al. 20 identified a clear difference between the studies 
that showed survival benefit from ACLS providers and those that did not.  Of the six 
studies where a medical officer was the provider of ACLS, only one study showed 
no significant survival benefit.20 Of the four studies that included only paramedics, 
Woodall, et al. 12 was the only study where the paramedics received substantial 
additional training and required significant clinical exposure prior to certification at 
the level of an ACLS provider.20 Whilst additional exposure and extensive training 
may contribute to the greater success of the abovementioned studies, a systematic 
review by Dyson, et al. 19 was unable to demonstrate significant improvements in 
short or long term outcomes for OOHCA patients when paramedics had significant 
exposure or career experience.   
2.2 PROVISION OF ACLS INTERVENTIONS 
The hallmark of ACLS is the use of advanced skills, including cardioactive 
medications and advanced airway devices.  The majority of research in this area 
examines the impact of these skills provided in US and Japanese EMS services.  
Japan operates a single tier response, usually consisting of three personnel, one of 
which has undertaken additional study and training, and is capable of performing 
advanced airway techniques including: endotracheal intubation (ETI); semi-
automatic defibrillation; the insertion of a peripheral IV catheter (PIVC); and the 
administration of adrenaline under medical control.23-28 EMSs in the US are variable, 
consisting of state-based fire service and private providers.29,30 Each provider 
determines the level of response, and scope of practice in which clinicians or 
technicians must work, resulting in somewhat varied practice.29,30 
2.2.1 The use of adrenaline in cardiac arrest 
Adrenaline is an endogenous catecholamine that has positive inotropic, 
chronotropic, and dromotropic effects, in addition to increasing peripheral vascular 
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resistance, and has long been included in standard ACLS care for cardiac arrest.31 
Various studies have attempted to determine the impact of adrenaline on a patient’s 
survival from an OOHCA, often examining adrenaline versus no adrenaline and the 
timing of adrenaline administration.23-30,32-35 Several studies examining adrenaline in 
the setting of OOHCA have been conducted in the USA, however Japanese studies 
seem to dominate the literature in this area.23-30,32-35 
Of the Japanese studies examining adrenaline administration versus non-
administration, adrenaline was shown in most cases to positively improve the 
likelihood of achieving pre-hospital return of spontaneous circulation (ROSC), but 
negatively impacted upon survival to one month and survival to one month with 
favourable neurological status.24-28 Interestingly, examination of the timing of 
adrenaline administration by two studies found a positive association between 
neurologically intact survival at one month, and the early administration of 
adrenaline, particularly in patients found to be in ventricular fibrillation (VF) upon 
EMS arrival.23,26 
Three studies conducted in the US and one in Australia where a single tier 
system operates all found that the administration of adrenaline was associated with 
improved short-term outcomes, but poorer survival to hospital discharge with 
favourable neurological status.29,30,32,35 Olasveengen, et al. 29 report that patients 
receiving adrenaline were also more likely to receive ETI and other medications, 
potentially delaying or interrupting the provision of BLS cares, impacting negatively 
on the outcomes of patients in this group.  A critical review by Reardon and Magee 
33 and a systematic review and meta-analysis published by Lin, et al. 34 reported very 
similar results to studies from the US and Australia.  Both papers cite a clear 
association between the administration of adrenaline in patients suffering an 
OOHCA and increased chance of ROSC, but no or a negative impact upon survival 
to hospital discharge and favourable neurological outcomes. 33,34  
2.2.2 The use of advanced airway management in cardiac arrest 
The insertion of an endotracheal tube was once considered to be the gold 
standard of airway management during cardiac arrest.9 The 2010 ILCOR guidelines 
identify several problems associated with ETI in the setting of cardiac arrest, 
including the requirement for extensive training and skills maintenance, and the 
potential for unrecognised oesophageal intubation and unrecognised tube 
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dislodgement.9 Further, ILCOR highlights the lack of good quality evidence 
comparing the efficacy of alternative devices such as supraglottic airways (SGAs) 
and ETI.9 
The majority of US EMS responders are capable of performing ETI for 
patients in cardiac arrest, with this being the preferred method of airway 
management. 36,37 However, consultation and approval from a medical officer is 
often required prior to the procedure taking place.36,37 By comparison, a select group 
of Japanese paramedics are required to undergo significant training, including the 
successful placement of 30 ETTs in a controlled environment and ongoing skills 
maintenance.38 These highly trained technicians are required to perform all basic 
interventions, including chest compressions, defibrillation, and ventilation with a 
BVM, prior to consultation with a medical officer, and are only authorised to 
perform two attempts.39,40 Importantly, US and Japanese responders are often only 
authorised to perform ETI for patients in cardiac arrest, which is likely to exclude 
patients where ROSC is achieved early.41 
Despite the significant difference between practice in the US and Japan, there 
is an overwhelming similarity in the results of research examining the use of various 
advanced airways in the setting of OOHCA.  When compared with ETI, the use of 
supraglottic devices is associated with poorer long-term patient outcomes.40-43 In 
contrast, the use of any advanced airway device (ETT or SGA) has been consistently 
associated with decreased likelihood of ROSC, ROSC at hospital, and less 
favourable long-term outcomes when compared to manual ventilation with a 
BVM.37,39,41-47 
2.3 HUMAN FACTORS AND CARDIAC ARREST 
Whilst emergency medicine and commercial aviation are vastly different fields 
of study, they are common in their complexity, and the requirement for experts in 
both fields to perform consistently well in unexpected emergency situations.48 
Ornato and Peberdy 48 identify key non-technical skills including team briefing, cross 
checks, structured communication, and crew resource management (CRM), that have 
been integral in improving safety in aviation, and have the potential to improve 
performance in resuscitation, although research of this nature is scarce.49 
 Chapter 2: Literature Review 11 
The evidence is unequivocal in stating that in order to improve survival from 
OOHCA, each link in the chain of survival must be strengthened, paying particular 
attention to the early links, which include CPR and defibrillation.50 The most recent 
ILCOR guidelines highlight the positive impact of feedback devices on the quality of 
CPR provided by health care professionals.51 The guidelines also recognise the 
importance of leadership in resuscitation, including post event debriefing.51 
Since the publication of the 2010 ILCOR guidelines, several papers examining 
the impact of leadership on in-hospital resuscitation have been published.  Whilst the 
majority of research has been conducted in a simulated environment, each paper 
shows a strong link between leadership, compliance with protocols, hands on chest 
time, reduction in peri-shock pause and the performance of technical skills, in 
particular those that are more complex.50,52-54 
Hunziker, et al. 53 outline the attributes of a good team leader, identifying 
effective communication skills, mutual performance monitoring, maintenance of 
guidelines, and task management as being essential.  In an earlier paper, Hunziker, et 
al. 54 identified that leaders who participated in “hands on” tasks performed poorer 
than those leaders whose only task was to provide leadership.  This observation was 
also made by researchers of the only paramedic based study in this area, who were 
also able to demonstrate improved patient outcomes attributable to the presence of an 
exceptional, well trained, leader.17 
2.4 WOODALL ET. AL. STUDY 
In 2007, Woodall, et al. 12 conducted a retrospective, observational study, and 
examined the effect of ACLS-skilled paramedics on survival from OOHCA in 
Queensland, Australia.  Chi-square analysis compared the age, sex, witnessed status, 
bystander CPR status and initial rhythm between those cases attended by a CCP and 
those not attended by a CCP, finding that CCPs were more likely to attend cases 
where patients were receiving bystander CPR (56.6% versus 50.3%, p = 0.001). 12  
Woodall, et al. 12 reports that CCPs were less likely to transport patients to 
hospital (33.5% versus 50.9%, p = 0.001), however of those patients that were 
transported, significantly more survived to hospital (21.2% versus 8.5%, p = 0.001) 
and to hospital discharge (6.7% versus 4.66%, p = 0.03).  Further, logistic regression 
modelling by Woodall, et al. 12 found that CCP attendance was associated with an 
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increase in survival to hospital discharge amongst all patients (OR 1.43, 95%CI 1.02 
– 1.99), transported patients (OR 2.33, 95%CI 1.64 – 3.31), and admitted patients 
(OR 1.62, 95%CI 1.12 – 2.36).  When performing regression modelling, Woodall, et 
al. 12 adjusted only for age, sex, initial rhythm, witnessed status and bystander CPR 
status.  It was reported that ACLS interventions such as adrenaline administration 
and intubation, two of the additional skills provided by CCPs, had failed to 
demonstrate an increase in survival when utilised in the pre-hospital setting in 
previous studies. 12 Woodall, et al. 12 concluded that the advanced training and 
education of CCPs may be one explanation for the survival benefit observed, and 
suggested that further research be conducted to disentangle the effects of ACLS from 
the effects of advanced training alone. 
2.5 SUMMARY AND IMPLICATIONS 
Despite over 20 years of targeted research, identification of key factors 
influencing survival from OOHCA remains elusive.  To date, CPR and defibrillation 
are the only strongly evidence based practices performed by providers of pre-hospital 
care.6,9 Several works published after the release of the 2010 ILCOR guidelines have 
made an attempt to clarify key areas of interest, however comparison between 
studies and generalisability to individual service providers is difficult due to the wide 
range of operational models and standards of training and care.   
Examination of survival benefit provided by those clinicians/technicians whom 
are able to perform ACLS show mixed results. 19,20 However an association between 
training and experience, and patient outcomes appears to exist, with a meta-analysis 
demonstrating a significant survival benefit in studies where clinicians with high 
levels of training were studied.19,20 Clinicians in these studies were able to utilise a 
range of ACLS procedures and administer cardioactive drugs, primarily adrenaline. 
Adrenaline is widely used by ACLS providers for the treatment of OOHCA, 
however much of the evidence suggests that there is only a short-term benefit to its 
use.33,34 Studies that have examined the long-term outcomes from use of adrenaline 
in OOHCA predominantly report a negative impact on neurological survival, 
including an RCT conducted in Australia that was unable to enrol enough 
participants to provide a definitive result.33-35 
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In addition to adrenaline, ACLS providers are often able to perform ETI, once 
considered the gold standard of airway management for OOHCA.37,41 Alternative 
airway devices, such as supraglottic devices, are also widely utilised in some systems 
due to their ease of insertion and less intensive skills maintenance.38,40,42 A 
significant body of evidence has demonstrated superiority of the more advanced 
technique of ETI in comparison to the SGAs, however when ETI or any advanced 
airway is compared to basic airway management (BVM), the latter provides an 
unrivalled benefit in all of the studied services.38,40,42 
In recent years, researchers have made some attempt to examine non-technical 
skills of providers, although evidence specific to pre-hospital resuscitation remains 
limited.  Several simulation-based studies have demonstrated a link between 
leadership and other non-technical skills, with team performance, CPR quality, peri-
shock pause times, and hands-off time.50,53-55 This data is supported by a pilot study 
in the UK, which demonstrated improved patient outcomes when a well-trained 
clinician and leader was present at an OOHCA.17 
Previous examination of the provision of ACLS by CCPs in Queensland has 
demonstrated a clear survival benefit.  However, authors were unable to attribute the 
survival benefit to a specific skill or pharmacological agent utilised by these highly 
trained clinicians.12 Since the publication of this study, the skill set of ACPs in 
Queensland has grown, with little difference between ACPs and CCPs in the 
technical skills offered in the setting of OOCHA.  As current evidence is unable to 
provide clear guidance on the provision of ACLS by pre-hospital providers, it is 
important to determine if a survival benefit still exists when a CCP attends an 
OOHCA in Queensland, despite the small increase in technical skill offered by these 
highly trained clinicians.   
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Chapter 3: Research Methods 
The aim of this research was to determine if the attendance of a CCP at an 
adult OOHCA in Queensland is still associated with a survival benefit, despite the 
diminishing gap in skill sets between CCPs and ACPs.  To achieve this aim, four 
research questions are posed in Section 3.1.  Following this, the remainder of 
Chapter three outlines key areas of the research design, including the methodology 
(Section 3.2), selection of the study population (Section 3.3), an overview of data 
collection and management procedures (Section 3.4), and an overview of the data 
analyses (Section 3.5).  Finally, Section 3.6 highlights and summarises the ethical 
considerations for this project.   
3.1 RESEARCH QUESTIONS 
1. What are the demographic/pre-hospital characteristics of adult patients 
suffering from an OOHCA of presumed cardiac origin in Queensland, 
Australia? 
2. Are there any significant differences in demographic/pre-hospital 
characteristics between those patients attended by CCPs and those not 
attended by CCPs, or the interventions that each skill level provides? 
3. What are the differences in pre-hospital characteristics, demographics 
and interventions, between those patients who survive (achieve ROSC, 
survive to hospital, and survive to hospital discharge) and those that die 
following an OOHCA of presumed cardiac origin in Queensland, 
Australia? 
4. Does the attendance of a CCP at an adult OOHCA of presumed cardiac 
origin in Queensland, Australia provide a survival benefit? 
3.2 METHODOLOGY AND RESEARCH DESIGN 
3.2.1 Methodology 
This study was a retrospective analysis of linked data that is routinely collected 
by the QAS and Queensland Health (QH). 
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3.2.2 Research design 
This study was a quantitative analysis of routinely collected cardiac arrest 
outcome data.  Three primary outcome variables were analysed; attainment of 
ROSC, the presence of ROSC on arrival at hospital, and survival to hospital 
discharge.  These outcome measures have been selected as they are routinely used 
within the current literature, and allow for examination of short, and medium-term 
patient outcomes.   
3.3 SAMPLING FRAME 
Queensland is a large state covering more than 1.77 million square kilometres 
with a population of over 4.5 million, and more than 95% of the population living 
within 600km of the eastern coastline. 12 Queensland is serviced by a state-wide 
ambulance service (the QAS), comprising of 297 ambulance response locations 
across 15 Local Ambulance Service Networks.  This study included all cases of adult 
(≥18 years of age) OOHCA of presumed cardiac aetiology that occurred between 1 
January 2007 and 31 December 2012 attended by QAS. Cardiac aetiology includes 
all patients with an established history of cardiac disease, and is presumed for males 
>40 and females age >50 when determination of aetiology has not been documented. 
The study excluded patients where resuscitation was not attempted, or where 
paramedics witnessed the cardiac arrest.  
3.4 DATA COLLECTION AND MANAGEMENT 
3.4.1 Data collection 
The QAS Cardiac Outcomes Register (COR) collects and reviews all cases of 
OOHCA attended by the QAS.  Data are collected according to the Utstein 
Guidelines.4 Cases of cardiac arrest are eligible for inclusion in the QAS COR if they 
are confirmed as unconscious and pulseless on ambulance arrival, or at any time 
during ambulance treatment or transport; or if there is good evidence of being 
pulseless and unconscious prior to ambulance arrival, even if circulation has been 
restored (e.g. defibrillation by AED restores cardiac output).  This includes all 
patients of obvious death (e.g. rigor mortis, post mortem lavidity, decapitation, etc), 
where paramedics are not required to collect vital signs. 
The data collection process for the QAS COR begins with a report of a death or 
cardiac arrest being made to QAS personnel and ends with the storage of case 
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documentation following reconciliation and manual auditing.  All OOHCA cases are 
individually scruitinised by staff trained in the auditing process that accords to the 
Utstein Guidelines, to ensure the data extracted are as accurate as possible.4 The 
dataset is subject to a comprehensive data cleaning process in which missing data are 
identified and if possible recovered, duplicate cases are removed, and inconsistent or 
conflicting data elements are corrected. 
The dataset is reconciled on a quarterly basis with the main QAS data 
warehouse using a detailed search script to identify potential cardiac arrest cases not 
captured through the usual data capture method.  Retrieved cases are manually 
reviewed, and entered if appropriate for inclusion.  Routine data cleaning is also 
performed on the audited data to identify any missing or invalid information for 
clarification.   
On an annual basis, QH undertakes a data linkage exercise for OOHCA 
patients delivered by QAS to Queensland hospitals. A QAS dataset of these patients 
is matched against QH patient records and the Queensland Death Registry (QDR) to 
determine the number that survived to hospital discharge.  Additional survival 
information was obtained from Queensland Health for the purpose of this study, and 
included hospital name, ICU admission date, and discharge date.   
Each case of cardiac arrest attended by QAS is assigned a unique identifier 
(Cardiac Arrest Registry (CAR) number).  This unique identifier and a number of 
other identifying details (electronic ambulance report form number, first name, last 
name, date of birth, sex, age, patient address, hospital address, date of incident, time 
of arrival at hospital) were utilised by QH Health Statistics Unit to match patients 
with the Queensland Admitted Patients Data Collection (QHAPDC) and the QDR.  
QH then provided a dataset consisting of the Cardiac Arrest Registry (CAR) number, 
hospital, admission date, admission status, discharge date, and death status for 
linking to the QAS dataset.  QH Health Statistics Unit provided a data quality 
summary, and report minor issues with linking first name (223 cases), last name (78 
cases) and gender (44 cases).  Further, the linkage software imposed severe penalties 
where date of birth information was recorded incorrectly, and there were 195 records 
where both age and birthdate information were missing, and records were unlikely to 
be matched.   
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3.4.2 Exclusion criteria 
A total of 26,003 patients suffered an OOHCA in Queensland during the study 
period; 24,173 of these being adults (>18 years).  Patients where a resuscitation 
attempt was not made were excluded from the dataset (determined to be deceased on 
arrival).  In addition, patients who suffered a cardiac arrest witnessed by paramedics 
were excluded, as these patients are a specific subgroup who require separate 
analysis.  Where a significant number of details were missing, or conflicting data 
was noted within a case, the case was removed.  Further, cases where a Physician 
(QAS or otherwise) was documented as being in attendance were also excluded to 
ensure that any impact was not attributable to the presence of a Physician.  This left a 
total of 6,043 cases for final analysis.  Figure 2 details a flow diagram of the final 
sample. 
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Figure 2 Final sample selection 
 
3.5 ANALYSIS AND MODEL ASSESSMENT 
3.5.1 Data analysis  
Data were coded using categories derived directly from the QAS cardiac 
outcomes registry and entered into SPSS.  Where categorical data was not binary 
(e.g. outcome category), data was transformed into a meaningful binary category.  
Data from the QHAPDC and the death registry was merged with QAS data using 
SPSS and a unique identifier applied to each case within the registry, and supplied to 
Total cardiac arrests 1 Jan. 2007 to 
31 Dec. 2012 (26,003)
Exclude paediatric patients (1,830)
Exclude cardiac arrests with no 
resuscitation attempt (13,257)
Exclude those arrests of non-
cardiogenic aetiology (3,170)
Exlcude paramedic witnessed 
cardiac arrests (1,262)
Exclude cases with conflicting or 
significant missing data (324)
Exclude cases where a medical 
officer was in attendance (117)
Final Sample n = 6,043
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QH for the purposes of data linkage.  Again, where categorical data was not binary, 
the data was transformed into a meaningful binary category for the purposes of 
analysis.  
Time intervals were calculated using SPSS and times derived from the 
datasets.  The times within the dataset are derived directly from the eARF completed 
by the attending paramedics.  Times (case received, on case, at scene, loaded, at 
hospital) entered by paramedics are paged to paramedics from operations centre, and 
are collected from the computer aided dispatch system which marks each time point 
throughout the progression of a case.  Timing of interventions are recorded by the 
attending paramedic, based on information gathered throughout the case, and in 
some circumstances recorded on the defibrillator.  Where a time was not recorded, 
(e.g. time of defibrillation), these cases were excluded from the particular analysis 
(mean time to defibrillation). Times may not have been recorded for several reasons, 
including the intervention was not performed, or failure of the paramedic to enter a 
time on the eARF.  Continuous data was also examined to determine the presence of 
outliers, and where data points existed beyond three standard deviations, the data 
point was removed.  
Question one: demographic and pre-hospital characteristics 
Identifying the demographic and pre-hospital characteristics of the study group 
is important as it ensures that the study group is not significantly different from 
works conducted by Woodall, et al. 12, or other significant works in this area of 
research.  For continuous data (e.g. age, time intervals, etc), the mean and standard 
deviations were reported, whilst the counts and percentages were reported for 
categorical data. 
Question two: differences between patients attended by CCPs and ACPs 
 In order to determine if there are significant differences between those patients 
attended by CCPs and those not attended by CCPs, Chi Square tests or independent 
t-tests were performed for each demographic, pre-hospital characteristic, time 
interval and intervention.  A two-sided p-value of 0.05 was considered a significant 
finding.   
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Question three: differences between survivors and non-survivors 
Primary crude analysis of the data included chi-square tests and independent t-
tests to determine if significant relationships exist between demographic factors, pre-
hospital characteristics, time intervals, interventions and each survival outcome.  
Again, a two-sided p-value of 0.05 was considered a significant finding.  In addition, 
to chi-square tests, crude odds ratios were also calculated for all categorical 
variables.  Three primary outcomes measures were utilised for the purpose of 
analysis, including ROSC, the presence of ROSC at hospital and survival to hospital 
discharge.  These three outcome measures align with the work completed by 
Woodall, et al. 12, and allow for analysis of the association between each factor and 
short to medium term survival.  
Secondary analysis of two specific patient groups, those patients that were 
transported to hospital and those patients that were admitted to hospital, was 
performed to exclude those patients that died in the field, which represent patients 
with the worst prognosis.  As these two patient groups consisted only of patients that 
reached the hospital, the only outcome measure analysed was survival to hospital 
discharge.  Crude analysis of these two patient groups consisted of chi-square tests, 
odds ratio calculation, and independent t-tests, again determining the association 
between demographic factors, pre-hospital characteristics, time intervals, 
interventions and survival.  A two-sided p-value of 0.05 was considered a significant 
finding.   
Question four: survival benefit provided by the attendance of a CCP 
To determine the survival benefit provided by the attendance of a CCP, 
multivariate binary logistic regression modelling was used to determine the 
probability (odds ratio) of survival to each outcome measure (attainment of ROSC, 
ROSC on arrival at hospital, survival to hospital discharge) from an OOHCA in 
patients attended by CCPs and those not attended by CCPs.  If the attendance of a 
CCP failed to reach significance in the crude analysis, regression modelling was not 
undertaken.  Variables where included into the models if they had reached 
significance (p ≤ 0.05) in the crude analysis (Question 3).  Regression modelling was 
performed in SPSS, using the ‘forced entry’ method, whereby all of the selected 
variables are placed into the model simultaneously.   
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Regression modelling of the entire cohort, as well as the two secondary 
analysis groups, those patients that were transported and those patients that survived 
to hospital admission, was undertaken to exclude those patients with a very poor 
prognosis.  Again, if the attendance of a CCP failed to reach significance in the crude 
analysis, regression modelling was not carried out.  Variables were entered into the 
models only if they reached significance (p ≤ 0.05) in the crude analysis.  Regression 
modelling was performed in SPSS, using the ‘forced entry’ method, whereby all of 
the selected variables are placed into the model simultaneously.   
The works by Woodall, et al. 12 established a relationship between CCP 
attendance and survival to hospital discharge amongst all patients, patients that were 
transported to hospital and patients that were admitted to hospital.  However, due to 
previous work failing to demonstrate a survival benefit attributable to intubation or 
adrenaline, Woodall, et al. 12 included only age, sex, witnessed status, bystander CPR 
status, the presence of a shockable rhythm and CCP attendance in the regression 
models.  To allow a direct comparison between this piece of research and the study 
by Woodall, et al. 12, further regression models were constructed, utilising the same 
set of variables. 
It was noted during the crude data analysis that a significantly greater 
proportion of patients attended by a CCP received pre-ROSC adrenaline.  
Additionally, it was noted that the administration of pre-ROSC adrenaline was 
associated with a significant reduction in the chance of patient survival despite 
having more favourable pre-hospital characteristics.  Given the current conjecture 
regarding the administration of adrenaline in the setting of cardiac arrest, further 
insight was sought to determine if pre-ROSC adrenaline administration was altering 
the results. 
Chi-square analysis was performed to establish if there was a relationship 
between pre-ROSC adrenaline administration and each of the survival outcomes 
(both primary and secondary groups were investigated) in those patients attended by 
CCPs.  Relationships were considered to be significant with a two-sided p-value of 
0.05.  Following this, the relationship between CCP attendance and survival to each 
outcome amongst those patients not receiving pre-ROSC adrenaline was examined 
using chi-square tests and odds ratios.  Again, relationships were considered to be 
significant with a two-sided p-value of 0.05.  Where significant relationships were 
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established, multivariate binary logistic regression modelling using only pre-hospital 
and demographic variables (age, sex, witnessed status, bystander CPR status, 
presence of a shockable rhythm) was undertaken. 
3.5.2 Model assessment 
Several criteria were employed to evaluate the regression models.  The 
Omnbibus test of model coefficients evaluates the hypothesised model against the 
null model (including only the constants).56 The null hypothesis of this test is that 
predictor variables are unrelated to the outcome variables; in this case, the attainment 
of ROSC, presence of ROSC on arrival at hospital, and survival to hospital 
discharge.  The desired result of this test was a statistically significant (p < 0.05) 
difference between the hypothesised model and the null model.56 The Cox and Snell 
R2 and Nagelkerke R2 index values are both reported by SPSS to indicate the models 
affect size.  The second index, the Nagelkerke R2, is the most frequently reported and 
was utilised in this study for its greater level of robustness.56 
Multicolinearity is a known problem in logistic regression modelling, and its 
presence should be explored using correlation matrices and standard error estimates 
in the model.56 Each model was examined for multicolinearity, which is indicated by 
a correlation of greater than 0.70 or inflated standard error estimates.56 
A further consideration of regression modelling is the existence of outliers.56 
Examining the standardised residuals, which are the residual divided by an estimate 
of the standard deviation, can identify outliers and a standardised residual greater 
than 3.0 is considered likely to be an outlier.56 Where standardised residuals greater 
than 3.0 were detected, modelling was re-run excluding these cases from the final 
model.   
3.6 ETHICAL CONSIDERATIONS 
This study involved the secondary use of data that is routinely collected by the 
QAS and QH and was retrospective in nature.  The primary ethical considerations 
were a waiver of consent and the use of potentially re-identifiable patient 
information. 
The sampling frame involved patients in the emergency health setting who 
were suffering from an OOHCA, and therefore were unconscious or experiencing an 
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altered level of consciousness following resuscitation throughout their relatively 
short period of exposure to the ambulance service.  Given the patients’ clinical 
urgency, health care was required in a restricted timeframe and it was impractical 
and, in the case of non-resuscitated patients, impossible, to obtain consent during the 
pre-hospital interval.   
Ethics approval was secured from the Queensland Health Research Ethics 
Committee (HREC EC00334; approval number HREC/14/QHC/33), the Queensland 
University of Technology Research Ethics Committee (HREC EC00171; approval 
number 1400000892) and the Queensland Ambulance Service under National 
Privacy Principal 2 and Section 14.4 of the NHMRC Guidelines.  
3.7 SUMMARY 
This study was a retrospective observational analysis of routinely collected 
cardiac arrest data.  Individuals that suffered an OOHCA of presumed cardiac origin 
between 1 January 2007 and 31 December 2012 and received active resuscitation 
were enrolled, however paramedic witnessed arrests were excluded.  The primary 
data source for this study was the QAS COR, which was supplemented with 
information provided by QH.  Procedures for data analysis included chi-square, 
independent t tests, and odds ratios to determine significant predictors of outcome for 
inclusion in the multivariate logistic regression models.      
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Chapter 4: Results 
Chapter four details results of the data analyses conducted for this study, the 
aim of which was to identify if the attendance of a CCP at an adult OOHCA of 
cardiac origin in Queensland is still associated with a survival benefit in the context 
of evolving skill sets between CCPs and ACPs in the setting of cardiac arrest 
management.  This chapter covers the results of descriptive analyses (Section 4.1 – 
4.3) and inferential analyses (Section 4.4), whilst section 4.5 describes the analyses 
that investigated the relationship of adrenaline and survival. 
4.1 DEMOGRAPHIC/PRE-HOSPITAL CHARACTERISTICS 
The study population consisted mostly of men (69.6%), with a mean age of 
69.7 years.  Despite a majority of cardiac arrests being witnessed by a bystander 
(53.3%) and receiving bystander CPR (62.9%), only 35.5% of patients were in a 
shockable rhythm on arrival of paramedics.  The majority of cardiac arrests occurred 
in major cities and inner regional areas (83.2%).  Results are presented in Table 4.1 
Table 4.1 Demographic/pre-hospital characteristics of study group 
Characteristic details 
N = 6043 
 n % 
Mean (SD) Age in years 69.28 13.52 
Male 4203  69.6% 
Bystander witnessed cardiac arrest 3223 53.3% 
Bystander CPR being performed 3803 62.9% 
Initially in a shockable rhythm # 2100 35.5% 
Rurality (ARIA classification) N = 6019 
Major cities 3684 61.3% 
Inner regional 1319 21.9% 
Outer regional 907 15.1% 
Remote 65 1.0% 
Very remote 44 0.7% 
# the initial rhythm of 122 patients was unknown, % of patients where initial rhythm was known 
The mean response time from time of call to arrival at the patient was 9.14 
minutes.  Most interventions were performed within 10 minutes of arrival at the 
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patient’s side, with a mean time to defibrillation of 5.91 minutes, a mean time to 
LMA insertion of 5.61 minutes, a mean time to IV access of 7.1 minutes and a mean 
time to first adrenaline administration of 9.16 minutes.  The mean time spent on 
scene was 28.76 minutes.  Results are tabled in Table 4.2 
Table 4.2 Time intervals 
Time intervals Mean (min) SD 
Response time  
(n = 6,001) 9.14  6.20 
Time on scene  
(n = 1,935) 28.76  9.46 
Time to defibrillation 
(n = 2,488) 5.91  7.20 
Time to cannulation 
(n = 4,815) 7.10 5.12 
Time to adrenaline 
(n = 4,598) 9.16  5.76 
Time to LMA  
(n = 1,256) 5.61 7.94 
Mean (SD) time to 
intubation in minutes 
(n = 2,860) 
11.6  8.69 
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4.2 DIFFERENCES BETWEEN CASES ATTENDED BY CCPS AND ACPS 
A comparison of demographic/pre-hospital characteristics between those 
cases attended by a CCP and those not attended by a CCP are shown in Table 4.3.  
Cases attended by CCPs tended to have younger patients (69.28 years versus 70.52 
years, p = 0.001), whilst similar proportions of patients in both groups were male (p 
= 0.144).  Those cases attended by CCPs had a greater proportion of patient suffering 
a witnessed cardiac arrest (55.1% versus 49.2%, p < 0.001), and a greater proportion 
of patients receiving bystander CPR (65.4% versus 57.2%, p < 0.001) and being in a 
shockable rhythm on arrival of the paramedics (38.1% versus 29.3%, p < 0.001).  
CCPs attended a significantly greater proportion of patients in major cities and inner 
regional settings (74.7% versus 25.3%), however attended a similar number of cases 
in the outer regional areas (49.9% versus 50.1%).  Whilst CCPs attended fewer cases 
in remote (33.8% versus 66.2%) and very remote regions (11.4% versus 88.6%), less 
than two percent of cardiac arrests in this study occurred in these regions.  
Table 4.3 Difference in demographic/pre-hospital characteristics between patients 
attended by a CCP and those not attended by a CCP 
Characteristic details Cases with a CCP  n = 4,230  
Cases with no 
CCP  
n = 1,813  
Significance 
 n % n %  
Mean (SD) Age in years 69.28 (13.52) 70.52  (13.61) χ
2 = 3.272  
p = 0.001 
Male 2,966  70.1% 1,237  68.2% χ
2 = 2.138  
p = 0.144 
Bystander witnessed cardiac arrest 2,331 55.1% 892  49.2% χ
2 = 17.787  
p < 0.001 
Bystander CPR being performed 2,766 65.4% 1,037  57.2% χ
2 = 36.509  
p < 0.001 
Initially in a shockable rhythm # 1,588 38.1% 512  29.3% χ
2 = 41.596  
p < 0.001 
Rurality (ARIA classification) n = 4222 n = 1797  
Major city 3006 81.6% 678 18.4% 
χ2 = 650.499  
p < 0.001 
Inner regional 736 55.8% 583 44.2% 
Outer regional 453 49.9% 454 50.1% 
Remote 22 33.8% 43 66.2% 
Very remote 5 11.4% 39 88.6% 
# the initial rhythm of 122 patients was unknown, % of patients where initial rhythm was known 
 28 Chapter 4: Results 
The majority of time intervals were similar between those cases attended by 
CCPs and those cases not attended by CCPs, however the mean CCP response 
interval was shorter (8.92 min versus 9.66 minutes, p < 0.00), whilst the mean time 
spent on scene was longer (32.26 minutes versus 24.27 minutes, p < 0.001).  Results 
are presented in Table 4.4. 
Table 4.4 Differences in time intervals between those patients attended by a CCP and 
those not attended by a CCP 
Time intervals Cases with a CCP  Cases with no CCP  Significance 
 Mean (min) SD 
Mean 
(min) SD  
Response time  
(n = 6,001) 8.92  5.67 9.66  7.26 
t = 4.283 
p < 0.001 
Time on scene  
(n = 1,934) 32.26  8.79 24.27   9.07 
t = -18.600 
p < 0.001 
Time to defibrillation 
(n = 2,488) 6.93  7.57 6.28  6.77 
t = -1.894 
p = 0.058 
Time to cannulation 
(n = 4,815) 8.41 24.40 8.19   5.15 
t = 0.107 
p = 0.676 
Time to adrenaline 
(n = 4,598) 10.42  24.60 10.5  5.60 
t = 0.107 
p = 0.915 
Time to LMA  
(n = 1,256) 6.61 6.08 6.5   4.5 
t = -0.297 
p = 0.766 
Time to intubation 
(n = 2,860) 13.05  28.6 8.4   5.46 
t = -0.364 
p = 0.716 
 
ACLS includes skills such as the use of an advanced airway (e.g. laryngeal 
mask airway or endotracheal tube), the insertion of an intravenous cannula and the 
administration of cardioactive drugs.  The group of patients treated by CCPs were 
more likely to receive ACLS interventions than those patients where a CCP did not 
attend. The results are presented in Table 4.5. 
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Table 4.5 Differences in interventions provided to patients attended by a CCP and 
those not attended by a CCP 
Intervention Cases with a CCP n = 4,230  
Cases with no CCP 
n = 1,813  Significance 
 n % n %  
Laryngeal mask 
airway $ 999  42.8% 307  46.5% 
χ2 = 2.827  
p = 0.093 
Endotracheal 
Intubation ^ 2,884  64.2% 13  0.7% 
χ2 = 2,314.249  
p < 0.001 
Cannulated 3,819  90.3% 1,137  62.7% χ
2 = 653.886  
p < 0.001 
Pre-ROSC 
adrenaline 3,704  87.6% 924  51.0% 
χ2 = 947.976  
p < 0.001 
Post-ROSC 
adrenaline ^ 358  8.5% 9  0.5% 
χ2 = 141.210  
p < 0.001 
$ Includes only cases from 2010 onwards following a manual audit of data (n = 2,992) 
^ Outside the ACP skill set, may have occurred under consultation or may have been performed by a 
medical officer on scene, but unable to determine if a medical officer was present 
4.3 DIFFERENCES BETWEEN THOSE PATIENTS THAT SURVIVE, AND 
THOSE THAT DIE 
4.3.1 Primary analyses 
Primary analyses were conducted to examine the relationship between each 
variable, and each outcome measure (Sustained ROSC, ROSC at hospital, and 
survival to hospital discharge).  For each outcome, the age of patients who survived 
was significantly lower than those patients who died (p < 0.001).  Response times 
and time to defibrillation were also significantly shorter for survivors (sustained 
ROSC, ROSC at hospital, and survival to hospital discharge) when compared to 
those patients who died (p < 0.001).  There was no significant association found 
between any time to advanced life support care and survival to any outcome 
measure.  Results are presented in table 4.6.   
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Table 4.6 A comparison of time intervals between those patients who survived and 
those that died 
  Deceased Alive Significance 
 n mean SD mean SD  
Age in years 
Sustained 
ROSC  6,043 70.44 13.49 67.70 13.53 
t = 7.140,  
p < 0.001 
ROSC 
Hospital 6,043 70.44 13.44 67.24 13.64 
t = 7.932,  
p < 0.001 
Survival to 
discharge  5,890 70.41 13.34 60.18 12.44 
t = 13.682,  
p < 0.001 
Response time in minutes  
Sustained 
ROSC 6,001 9.49 6.63 8.26 4.86 
t = 6.966,  
p < 0.001 
ROSC 
Hospital  6,001 9.51 6.61 7.99 4.52 
t = 8.233, 
p < 0.001 
Survival to 
discharge  5,853 9.28 6.33 7.55 4.21 
t = 4.893,  
p < 0.001 
Time on scene in minutes  
Sustained 
ROSC  1,934 26.09 10.02 31.24 9.02 
t = -11.266,  
p < 0.001 
ROSC 
Hospital  1,934 27.08 10.12 31.09 9.04 
t = -9.004,  
p < 0.001 
Survival to 
discharge  1,801 29.95 9.72 27.81 9.01 
t = 3.549,  
p < 0.001 
Time to defibrillation in minutes  
Sustained 
ROSC  2,488 7.57 7.44 5.46 7.12 
t = 6.978,  
p < 0.001 
ROSC 
Hospital  2,488 7.62 7.60 4.99 6.57 
t = 8.451,  
p < 0.001 
Survival to 
discharge 2,395 7.22 7.64 3.59 3.70 
t = 7.111,  
p < 0.001 
Time to cannulation in minutes  
Sustained 
ROSC  4,815 8.47 26.04 8.13 5.77 
t = 0.508,  
p = 0.612 
ROSC 
Hospital  4,815 8.43 25.21 8.11 5.07 
t = 0.496,  
p = 0.620 
Survival to 
discharge  4,677 8.43 22.56 7.68 5.84 
t = 0.566,  
p = 0.571 
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Table 4.6 continued 
  Deceased Alive Significance 
 n mean SD mean SD  
Time to adrenaline in minutes 
ROSC 
Hospital  4,598 10.54 25.13 10.08 7.52 
t = 0.595,  
p = 0.552 
Survival to 
discharge 4,498 10.49 22.77 10.30 10.17 
t = 0.106,  
p = 0.916 
Time to LMA in minutes  
Sustained 
ROSC  1,256 6.63 4.59 6.46 7.94 
t = 0.454,  
p = 0.650 
ROSC 
Hospital  1,256 6.71 4.82 6.15 8.02 
t = 1.489,  
p = 0.137 
Survival to 
discharge 1,235 6.53 4.85 5.69 4.59 
t = 1.365,  
p = 0.172 
Time to intubation in minutes  
Sustained 
ROSC  2,860 12.61 35.63 13.70 30.30 
t = -0.996, p 
 = 0.319 
ROSC 
Hospital  2,860 12.73 34.20 13.66 10.12 
t = -0.825,  
p = 0.409 
Survival to 
discharge  2,770 13.08 29.65 12.93 10.35 
t = 0.061,  
p = 0.951 
 
 
 A significant relationship exists between sex and survival, with male patients 
less likely to achieve sustained ROSC (OR 0.85, p = 0.008), or have ROSC at 
hospital (OR 0.85, p = 0.011), however were more likely to survive to hospital 
discharge (OR 1.50, p = 0.002).  Patients whose cardiac arrest   was witnessed were 
more likely to survive to each survival outcome (OR 2.26 – 4.78, p <0.001), as were 
those patients who received bystander CPR (OR 1.22 – 2.48, p < 0.001), and those 
patients who were found to be in a shockable rhythm on arrival of paramedics (OR 
3.17 – 10.67, p < 0.001).  Results are tabled in Table 4.7. 
 Patients who were cannulated were more than twice as likely to survive to 
hospital discharge (OR 2.89, p < 0.001), however patients receiving pre-ROSC 
adrenaline were 80% less likely to survive to hospital discharge (OR 0.20, p < 
0.001).  Those patients receiving post-ROSC adrenaline however, were far more 
likely to survive to hospital (OR 27.71, p < 0.001), and to hospital discharge (OR 
1.76, p = 0.004). 
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The use of a laryngeal mask airway was associated with a non-significant 
survival detriment for each survival outcome (sustained ROSC, OR 0.89, p = 0.148; 
ROSC at hospital, OR 0.87, p = 0.099; survival to hospital discharge, OR 0.82, p = 
0.228).  Endotracheal intubation however was associated with a significant survival 
benefit for the attainment of sustained ROSC (OR 2.64, p < 0.001) and ROSC at 
hospital (OR 2.52, p < 0.001), however a non-significant survival detriment for 
survival to hospital discharge (OR 0.85, p = 0.158).  The attendance of a CCP was 
associated with a more than a two-fold increase in the attainment of sustained ROSC 
(OR 2.19, p < 0.001) and the presence of ROSC at hospital (OR 2.03, p < 0.001), 
however a non-significant survival detriment was noted for survival to hospital 
discharge (OR 0.93, p = 0.555).  Results are presented in Table 4.8. 
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Table 4.7 Association between each demographic/pre-hospital factor and each survival outcome (all cases, crude analyses) 
  
Total Deceased  Alive      
  
n % n % n % OR Significance 
Sex  
Sustained 
ROSC 
Male 4,203 69.5% 3,036 70.6% 1,167 67.1% 0.85 χ
2 = 7.112  
p = 0.008 Not male 1,840 30.5% 1,267 29.4% 573 32.9% 
ROSC 
Hospital 
Male 4,203 69.5% 3,208 70.4% 995 66.9% 0.85 χ
2 = 6.483  
p = 0.011 Not male 1,840 30.5% 1,348 29.6% 492 33.1% 
Survival to 
discharge 
Male 4,093 69.5% 3,835 69.0% 258 77.0% 1.50 χ
2 = 9.485  
p = 0.002 Not male 1,797 30.5% 1,720 31.0% 77 23.0% 
Bystander witnessed  
Sustained 
ROSC 
Bystander witnessed 3,223 53.3% 2,052 47.7% 1,171 67.3% 2.26 χ
2 =191.457 p < 
0.001 Not bystander witnessed 2,820 46.7% 2,251 52.3% 569 32.7% 
ROSC 
Hospital 
Bystander witnessed 3,223 53.3% 2,195 48.2% 1,028 69.1% 2.41 χ
2 = 197.780 p 
< 0.001 Not bystander witnessed 2,820 46.7% 2,361 51.8% 459 30.9% 
Survival to 
discharge 
Bystander witnessed 3,115 52.9% 2,836 51.1% 279 83.3% 4.78 χ
2 = 131.721  p 
< 0.001 Not bystander witnessed 2,775 47.1% 2,719 48.9% 56 16.7% 
Bystander CPR 
Sustained 
ROSC 
Bystander CPR 3,803 62.9% 2,652 61.6% 1,151 66.2% 1.22 χ
2 = 10.842  
p < 0.001 No Bystander CPR 2,240 37.1% 1,651 38.4% 589 33.8% 
ROSC 
Hospital 
Bystander CPR 3,803 62.9% 2,812 61.7% 991 66.6% 1.24 χ
2 = 11.650  
p = 0.001 No Bystander CPR 2,240 37.1% 1,744 38.3% 496 33.4% 
Survival to 
discharge 
Bystander CPR 3,697 62.8% 3,429 61.7% 268 80.0% 2.48 χ
2 = 45.136  
p < 0.001 No Bystander CPR 2,193 37.2% 2,126 38.3% 67 20.0% 
Initial rhythm# 
Sustained 
ROSC 
Initially shockable rhythm 2,100 35.5% 1,180 27.8% 920 55.0% 3.17 χ
2 = 387.382 p 
< 0.001 Initially non-shockable rhythm 3,821 64.5% 3,067 72.2% 754 45.0% 
ROSC 
Hospital 
Initially shockable rhythm 2,100 35.5% 1,278 28.4% 822 57.6% 3.43 χ
2 = 403.623 p 
< 0.001 Initially non-shockable rhythm 3,821 64.5% 3,217 71.6% 604 42.4% 
Survival to 
discharge 
Initially shockable rhythm 2,007 34.7% 1,742 31.9% 265 83.3% 10.67 χ
2 = 350.592, p 
< 0.001 Initially non-shockable rhythm 3,771 65.3% 3,718 68.1% 53 16.7% 
# the initial rhythm of 122 patients was unknown, % of patients where initial rhythm was known 
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Table 4.8 Association between each intervention and survival  outcome (all cases, crude analyses) 
  
Total Deceased  Alive      
  
n % n % n % OR Significance 
Defibrillation 
Sustained 
ROSC 
QAS Defibrillation 3,627 60.0% 2,410 56.0% 1,217 69.9% 1.83 χ
2 = 100.265  
p < 0.001 No QAS Defibrillation 2,416 40.0% 1,893 44.0% 523 30.1% 
ROSC 
Hospital 
QAS Defibrillation 3,627 60.0% 2,584 56.7% 1,043 70.1% 1.79 χ
2 = 84.201  
p < 0.001 No QAS Defibrillation 2,416 40.0% 1,972 43.3% 444 29.9% 
Survival to 
discharge 
QAS Defibrillation 3,505 59.5% 3,211 57.8% 294 87.8% 5.23 χ
2 = 117.673 
p < 0.001 No QAS Defibrillation 2,385 40.5% 2,344 42.2% 41 12.2% 
Cannulation 
Sustained 
ROSC 
Cannulated 4,956 82.0% 3,321 77.2% 1,635 94.0% 4.60 χ
2 = 236.673  
p < 0.001 No Cannulation 1,087 18.0% 982 22.8% 105 6.0% 
ROSC 
Hospital 
Cannulated 4,956 82.0% 3,563 78.2% 1,393 93.7% 4.13 χ
2 = 181.966  
p < 0.001 No Cannulation 1,087 18.0% 993 21.8% 94 6.3% 
Survival to 
discharge 
Cannulated 4,814 81.7% 4,504 81.1% 310 92.5% 2.89 χ = 27.772   p < 0.001 No Cannulation 1,076 18.3% 1,051 18.9% 25 7.5% 
Pre-ROSC adrenaline 
Sustained 
ROSC 
Pre-ROSC adrenaline 4,628 76.6% 3,301 76.7% 1,327 76.3% 0.98 χ
2 = 40.140  
p =. 0.709 No Pre-ROSC adrenaline 1,415 23.4% 1,002 23.3% 413 23.7% 
ROSC 
Hospital 
Pre-ROSC adrenaline 4,628 76.6% 3,546 77.8% 1,082 72.8% 0.76 χ
2 = 16.054  
p = 0.001 No Pre-ROSC adrenaline 1,415 23.4% 1,010 22.2% 405 27.2% 
Survival to 
discharge 
Pre-ROSC adrenaline 4,528 76.9% 4,385 78.9% 143 42.7% 0.20 χ
2 = 233.565  
p < 0.001 No Pre-ROSC adrenaline 1,362 23.1% 1,170 21.1% 192 57.3% 
Post-ROSC adrenaline 
Sustained 
ROSC 
Post-ROSC adrenaline 367 6.1% 367 6.1%   
    No Post-ROSC adrenaline 5,676 93.9% 5,676 93.9%   
 ROSC 
Hospital 
Post-ROSC adrenaline 367 6.1% 45 1.0% 322 21.7% 27.71 χ
2 = 839.418  
p < 0.001 No Post-ROSC adrenaline 5,676 93.9% 4,511 99.0% 1,165 78.3% 
Survival to 
discharge 
Post-ROSC adrenaline 336 5.7% 305 5.5% 31 9.3% 
1.76 χ
2 = 8.318  
p = 0.004 No Post-ROSC adrenaline 5,554 94.3% 5,250 94.5% 304 90.7% 
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Table 4.8 Continued 
# Includes only cases from 2010 onwards following a manual audit of data (n = 2,992)
  Total Deceased Alive   
  n % n % n % OR Significance 
Laryngeal Mask Airway# 
Sustained 
ROSC 
LMA insertion 1,306 43.6% 929 44.5% 377 41.7% 0.89 χ
2 = 2.094  
p = 0.148 No LMA insertion 1,686 56.4% 1,158 55.5% 528 58.3% 
ROSC 
Hospital 
LMA insertion 1,306 43.6% 995 44.5% 311 41.1% 0.87 χ
2 = 2.714 
p = 0.099 No LMA insertion 1,686 56.4% 1,240 55.5% 446 58.9% 
Survival to 
discharge 
LMA insertion 1,284 44.0% 1,218 44.3% 66 39.5% 0.82 χ
2 = 1.454  
p = 0.228 No LMA insertion 1,633 56.0% 1,532 55.7% 101 60.5% 
Endotracheal Intubation 
Sustained 
ROSC 
Endotracheal intubation 2,897 47.9% 1,769 41.1% 1,128 64.8% 2.64 χ
2 = 279.239  
p < 0.001 No Endotracheal intubation 3,146 52.1% 2,534 58.9% 612 35.2% 
ROSC 
Hospital 
Endotracheal intubation 2,897 47.9% 1,931 42.4% 966 65.0% 2.52 χ
2 = 229.014  
p < 0.001 No Endotracheal intubation 3,146 52.1% 2,625 57.6% 521 35.0% 
Survival to 
discharge 
Endotracheal intubation 2,805 47.6% 2,658 47.8% 147 43.9% 0.85 χ
2 = 1.995  
p = 0.158 No Endotracheal intubation 3,085 52.4% 2,897 52.2% 188 56.1% 
CCP attendance 
Sustained 
ROSC 
CCP attendance 4,230 70.0% 2,825 65.7% 1,405 80.7% 2.19 χ
2 = 134.436  
p < 0.001 No CCP attendance 1,813 30.0% 1,478 34.3% 335 19.3% 
ROSC 
Hospital 
CCP attendance 4,230 70.0% 3,037 66.7% 1,193 80.2% 2.03 χ
2 = 98.293  
p < 0.001 No CCP attendance 1,813 30.0% 1,519 33.3% 294 19.8% 
Survival to 
discharge 
CCP attendance 4,111 69.8% 3,882 69.9% 229 68.4% 
0.93 χ
2 = 0.348 
p = 0.555 No CCP attendance 1,779 30.2% 1,673 30.1% 106 31.6% 
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4.3.2 Secondary analysis 
Secondary analyses of the data included two specific patient groups, those 
patients who were transported, and those patients who survived to hospital 
admission.  This allowed for the exclusion of those patients who had the poorest 
prognosis.  Being male was positively associated with survival to hospital discharge 
in both sub-groups (transported patients, OR 1.59, p < 0.001; admitted patients OR 
1.68, p < 0.001).  Patients who suffered a cardiac arrest that was witnessed by a 
bystander were more than twice as likely to survive in both sub-groups (transported 
patients, OR 2.84, p < 0.001; admitted patients, OR 2.73, p < 0.001), as were patients 
who received bystander CPR (transported patients, OR 2.35, p < 0.001; admitted 
patients, OR 2.24, p < 0.001).  Those patients who were found to be in a shockable 
rhythm by paramedics were more than five time as likely to survive to hospital 
discharge (transported patients, OR 5.36, p < 0.001; admitted patients, OR 5.00, p < 
0.001).  Results are displayed in table 4.9. 
 A comparison of time intervals showed that those patients in the transported 
patient group were more likely to have a positive outcome if the response time was 
shorter (7.55 min. versus 8.28 min., p = 0.018).  A statistically significant difference 
also exists between the time spent on scene in those patients with a positive outcome, 
versus those patients who died in both sub-groups (p < 0.001).  Further, a 
significantly shorter time to defibrillation was noted in both groups of survivors ( p < 
0.001).  Results are presented in table 4.10.  
Analyses shown in Table 4.11 revealed that all ACLS interventions with the 
exception of cannulation were associated with a negative outcome when compared to 
those patients who did not receive those interventions.  Whilst the attendance of a 
CCP failed to reach statistical significance in the transported patient group, their 
attendance was associated with a 47% decrease in the likelihood of a positive 
outcome amongst the admitted patient group (p < 0.001).  Being admitted to a 
tertiary facility was also found to have a significant relationship with survival to 
hospital discharge, with those patients being admitted to a tertiary facility more than 
one and a half times more likely to survive to discharge than those not admitted to a 
tertiary facility (OR 1.53, p = 0.003).  
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Table 4.9 Patient demographic/pre-hospital characteristics associated with survival (transported and admitted patients only) 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
# the initial rhythm of 49 patients was unknown, % of patients where initial rhythm was known  
  
Total Deceased  Alive     
  
n % n % n % OR Significance 
Sex 
Survival to discharge 
(Transported) 
Male 1,425 69.3% 1,167 67.8% 258 77.0% 1.59 χ
2 =11.081  
p = 0.001 Not male 630 30.7% 553 32.2% 77 23.0% 
Survival to discharge 
(Admitted) 
Male 1,028 68.9% 770 66.6% 258 77.0% 1.68 χ
2 = 13.136  
p < 0.001 Not male 463 31.1% 386 33.4% 77 23.0% 
Bystander witnessed 
Survival to discharge 
(Transported) 
Bystander witnessed 1,374 66.9% 1,095 63.7% 279 83.3% 2.84 χ
2 =48.717  
p < 0.001 Not bystander witnessed 681 33.1% 625 36.3% 56 16.7% 
Survival to discharge 
(Admitted) 
Bystander witnessed 1,026 68.8% 747 64.6% 279 83.3% 2.73 χ
2 = 42.160  
p < 0.001 Not bystander witnessed 465 31.2% 409 35.4% 56 16.7% 
Bystander CPR 
Survival to discharge 
(Transported) 
Bystander CPR 1,351 65.7% 1,083 63.0% 268 80.0% 2.35 χ
2 = 36.127 
p < 0.001 No Bystander CPR 704 34.3% 637 37.0% 67 20.0% 
Survival to discharge 
(Admitted) 
Bystander CPR 1,009 67.7% 741 64.1% 268 80.0% 2.24 χ
2 = 30.014 
p < 0.001 No Bystander CPR 482 32.3% 415 35.9% 67 20.0% 
Initial rhythm# 
Survival to discharge 
(Transported) 
Initially shockable rhythm 1,071 53.9% 806 48.3% 265 83.3% 
5.36 χ
2 = 132.212 
p < 0.001 Initially non-shockable rhythm 917 46.1% 864 51.7% 53 16.7% 
Survival to discharge 
(Admitted) 
Initially shockable rhythm 827 57.4% 562 50.0% 265 83.3% 
5.00 χ
2 = 112.599 
p < 0.001 Initially non-shockable rhythm 615 42.6% 562 50.0% 53 16.7% 
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Table 4.10 Time intervals of patients who survived to hospital discharge (transported patients and admitted patients) 
 
 
 
 
 
 
 
 
 
 
# Time intervals beyond 3 standard deviations 0 minutes or less were removed from the analysis 
Time interval 
(minutes) # 
Transported patients 
  
Admitted patients  
 
Survival to 
discharge  Died  
Survival to 
discharge Died  
Mean (SD) 
response time 7.55 (4.21) 8.28 (5.27) 
t = 2.365  
df = 2,035  
p = 0.018 
7.55 (4.21) 8.13 (4.92) 
t = 1.933  
df = 1,476  
p = 0.053 
Mean (SD) time on 
scene 27.81 (9.01) 30.02 (9.65) 
t = 3.654  
df = 1,693  
p < 0.001 
27.81 (9.01) 31.00 (3.29) 
t = 5.228  
df = 1,221  
p < 0.001 
Mean (SD) time to 
first defibrillation 3.59 (3.70) 6.52 (7.93) 
t = 5.470  
df = 1154  
p < 0.001 
3.59 (3.70) 5.88 (7.53) 
t = 4.421  
df = 836   
p < 0.001 
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Table 4.11 Interventions associated with survival (transported and admitted patients only) 
  
Total Deceased Alive     
  
n % n % n % OR Significance 
Defibrillation  
Survival to discharge 
(Transported) 
QAS Defibrillation 1,492 72.6% 1,198 69.7% 294 87.8% 3.12 χ
2 = 46.232 
p < 0.001 No QAS Defibrillation 563 27.4% 522 30.3% 41 12.2% 
Survival to discharge 
(Admitted) 
QAS Defibrillation 1,069 71.7% 775 67.0% 294 87.8% 3.53 χ
2 = 54.949 
p < 0.001 No QAS Defibrillation 422 28.3% 381 33.0% 41 12.2% 
Cannulation 
Survival to discharge 
(Transported) 
Cannulated 1,824 88.8% 1,514 88.0% 310 92.5% 1.69 χ
2 = 53726 
p = 0.017 No Cannulation 231 11.2% 206 12.0% 25 7.5% 
Survival to discharge 
(Admitted) 
Cannulated 1,358 91.1% 1,048 90.7% 310 92.5% 1.28 χ
2 = 1.130 
p = 0.288 No Cannulation 133 8.9% 108 9.3% 25 7.5% 
Pre-ROSC adrenaline 
Survival to discharge 
(Transported) 
Pre-ROSC adrenaline 1,568 76.3% 1,425 82.8% 143 42.7% 0.15 χ
2 =250.119 
p < 0.001 No Pre-ROSC adrenaline 487 23.7% 295 17.2% 192 57.3% 
Survival to discharge 
(Admitted) 
Pre-ROSC adrenaline 1,117 74.9% 974 84.3% 143 42.7% 0.14 χ
2 = 238.839 
p < 0.001 No Pre-ROSC adrenaline 374 25.1% 182 15.7% 192 57.3% 
Post-ROSC adrenaline 
Survival to discharge 
(Transported) 
Post-ROSC adrenaline 313 15.2% 282 16.4% 31 9.3% 0.52 χ
2 = 11.076 
p = 0.001 No Post-ROSC adrenaline 1,742 84.8% 1,438 83.6% 304 90.7% 
Survival to discharge 
(Admitted) 
Post-ROSC adrenaline 249 16.7% 218 18.9% 31 9.3% 0.44 χ
2 = 17.223 
p < 0.001 No Post-ROSC adrenaline 1,242 83.3% 938 81.1% 304 90.7% 
Laryngeal Mask Airway^ 
Survival to discharge 
(Transported) 
LMA insertion 432 43.7% 366 44.5% 66 39.5% 0.81 χ
2 = 1.413 
p = 0.235 No LMA insertion 557 56.3% 456 55.5% 101 60.5% 
Survival to discharge 
(Admitted) 
LMA insertion 320 42.8% 254 43.7% 66 39.5% 0.84 X
2 = 0.933 
p = 0.334 No LMA insertion 428 57.2% 327 56.3% 101 60.5% 
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Table 4.11 Continued 
  Total Deceased Alive   
  n % n % n % OR Significance 
Endotracheal Intubation 
Survival to discharge 
(Transported) 
Endotracheal intubation 1,176 57.2% 1,029 59.8% 147 43.9% 0.53 χ
2 = 29.123 
p < 0.001 No Endotracheal intubation 879 42.8% 691 40.2% 188 56.1% 
Survival to discharge 
(Admitted) 
Endotracheal intubation 923 61.9% 776 67.1% 147 43.9% 0.38 χ
2 = 59.522 
p < 0.001 No Endotracheal intubation 568 38.1% 380 32.9% 188 56.1% 
CCP attendance 
Survival to discharge 
(Transported) 
CCP attendance 1,462 71.1% 1,233 71.7% 229 68.4% 0.85 χ
2 =1.513 
p = 0.219 No CCP attendance 593 28.9% 487 28.3% 106 31.6% 
Survival to discharge 
(Admitted) 
CCP attendance 1,157 77.6% 928 80.3% 229 68.4% 0.53 χ
2 = 21.225 
p < 0.001 No CCP attendance 334 22.4% 228 19.7% 106 31.6% 
Admitted to a tertiary hospital 
Survival to discharge 
(Admitted) 
Admitted to a tertiary hospital 333 22.3% 238 20.6% 95 28.4% 1.53 χ
2 = 9.040 
p = 0.003 Not admitted to a tertiary hospital 1,158 77.7% 918 79.4% 240 71.6% 
# Includes only cases from 2010 onwards following a manual audit of data (n = 1,037 for transported group and n = 728 for admitted group) 
^ Tertiary hospitals include the Princess Alexandra Hospital, Royal Brisbane and Women’s Hospital and Townsville Hospital
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4.4 SURVIVAL BENEFIT PROVIDED BY CCPS 
Three patient outcomes were examined in this study, the attainment of ROSC, 
ROSC at hospital, and survival to hospital discharge.  One of the aims of this study 
was to determine if the attendance of a CCP at an adult OOHCA of cardiac origin 
was still associated with a survival benefit.  Variables that achieved statistical 
significance in the crude analysis were identified and used as hypothesised model 
predictors for a multivariate logistic regression model.  In the crude analyses, the 
attendance of a CCP was found to have a significant association with the attainment 
of sustained ROSC and the presence of ROSC at hospital.  As the attendance of a 
CCP failed to reach significance in the crude analysis for survival to hospital 
discharge, multivariate analysis was not conducted for this outcome measure.  
Similarly, the attendance of a CCP was not significantly associated with survival to 
hospital discharge amongst transported patients; for secondary analyses, multivariate 
regression modelling was only conducted for survival to hospital discharge amongst 
admitted patients.  
4.4.1 Primary analyses 
Attainment of ROSC 
Multivariate logistic regression was used to examine the likelihood of ROSC in 
relation to age, sex, bystander witnessed status, bystander CPR status, the presence 
of a shockable rhythm on paramedic arrival, response time, QAS defibrillation, CCP 
attendance, cannulation, and endotracheal intubation.  Whilst on scene time and time 
to first defibrillation reached statistical significance in the crude analysis, these were 
excluded from the model due to a large amount of missing data (4109 missing for 
time on scene and 3555 for time to defibrillation).  Time on scene is unlikely to have 
any effect on the regression model, time to defibrillation however, is known to 
impact on patient outcome.  Time to defibrillation is only known for patients that 
were defibrillated, and as such a large number of patients did not have this interval 
recorded, resulting in the exclusion of this variable from the model.  It is possible not 
adjusting for a delay to defibrillation would affect the model, with a shorter time to 
defibrillation being associated with a survival benefit.  Initial regression modelling 
included a number of cases with a standardised residual greater than three; these 
cases were excluded from the final model as possible outliers. 
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In examining predictors of ROSC with logistic regression, a number of 
parameter estimates of model fit were examined.  The Omnibus test of model 
coefficients predicted the odds of ROSC as statistically significant (p < 0.001); thus 
the null hypothesis that all of the predictor effects are zero was rejected. The 
Nagelkerke R2 as an index of effect size was 0.426. 
The correlation matrix was assessed to determine multicolinearity among 
independent variables (Appendix C). Values greater than 0.70 may indicate 
multicolinearity, however all correlations were within a range of -0.639 to 0.079, so 
were not highly correlated with one another.  The model indicates that all variables 
are predictors of the attainment of ROSC, with the exception of CCP attendance, 
which failed to reach significance (OR 0.872, 95%CI 0.714 – 1.064).  Results are 
presented in Table 4.12. 
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Table 4.12 Multivariate logistic regression: attainment of ROSC 
 
Predictor 
 
ROSC 
      95% C.I. for OR 
B S.E. Wald df Sig. OR Lower Upper 
Age (years) -0.027 0.002 308.038 1 0.000 0.973 0.970 0.976 
Male -0.731 0.069 111.527 1 0.000 0.482 0.421 0.552 
Bystander witnessed 0.665 0.068 95.889 1 0.000 1.944 1.701 2.220 
Bystander CPR -0.234 0.069 11.653 1 0.001 0.791 0.692 0.905 
Initial shockable rhythm 1.141 0.089 164.828 1 0.000 3.130 2.630 3.725 
Response time -0.052 0.007 62.678 1 0.000 0.949 0.937 0.961 
Defibrillated -0.368 0.089 16.951 1 0.000 0.692 0.581 0.825 
Cannulated 1.145 0.114 100.566 1 0.000 3.142 2.512 3.930 
Intubated 0.915 0.085 115.608 1 0.000 2.506 2.119 2.962 
CCP attendance -0.137 0.102 1.820 1 0.177 0.872 0.714 1.064 
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ROSC at hospital 
Multivariate logistic regression was used to examine the likelihood of ROSC at 
hospital in relation to the same predictors as the previous model in addition to pre-
ROSC and post-ROSC adrenaline.  On scene time, and time to first defibrillation 
reached statistical significance in the crude analysis, however these were excluded 
from the regression model due to missing data (4109 missing for time on scene and 
3555 for time to defibrillation).  .  Time on scene is unlikely to have any effect on the 
regression model, time to defibrillation however, is known to impact on patient 
outcome.  Time to defibrillation is only known for patients that were defibrillated, 
and as such a large number of patients did not have this interval recorded, resulting 
in the exclusion of this variable from the model.  It is possible not adjusting for a 
delay to defibrillation would affect the model, with a shorter time to defibrillation 
being associated with a survival benefit.  Initial regression modelling included a 
number of cases with a standardised residual greater than three; these cases were 
excluded from the final model as possible outliers. 
A number of parameter estimates of model fit were examined.  The Ominibus 
test of model coefficients predicted the odds of survival to hospital arrival as 
statistically significant (p < 0.001); thus the null hypothesis that all of the predictor 
effects are zero was rejected. The Nagelkerke R2 as an index of effect size was 0.678. 
The correlation matrix was assessed to determine multicolinearity among 
independent variables (Appendix D).  All correlations were within a range of -0.675 
to 0.105, so were not highly correlated with each other.  Bystander CPR (OR 0.904, 
95%CI 0.761 – 1.075) and CCP attendance (OR 0.869, 95%CI 0.664 – 1.136) were 
the only predictor variables that failed to reach statistical significance in the 
regression model.  Results are presented in Table 4.13. 
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Table 4.13 Multivariate logistic regression: ROSC at hospital 
 
Predictor 
 
Survival to hospital 
      95% C.I. for OR 
B S.E. Wald df Sig. OR Lower Upper 
Age (years) -0.031 0.002 249.108 1 0.000 0.969 0.965 0.973 
Male -0.801 0.088 82.673 1 0.000 0.449 0.378 0.534 
Bystander witnessed 0.826 0.089 86.064 1 0.000 2.283 1.918 2.718 
Bystander CPR -0.101 0.088 1.305 1 0.253 0.904 0.761 1.075 
Initial shockable rhythm 1.555 0.120 167.591 1 0.000 4.734 3.741 5.991 
Response time -0.088 0.010 84.016 1 0.000 0.916 0.899 0.933 
Defibrillated -0.426 0.124 11.782 1 0.001 0.653 0.512 0.833 
Cannulated 2.766 0.172 257.699 1 0.000 15.892 11.338 22.276 
Intubated 1.373 0.121 128.601 1 0.000 3.948 3.114 5.005 
Pre-ROSC adrenaline -2.721 0.135 406.496 1 0.000 0.066 0.051 0.086 
Post-ROSC adrenaline 3.938 0.188 436.814 1 0.000 51.333 35.482 74.267 
CCP attendance -0.141 0.137 1.058 1 0.304 0.869 0.664 1.136 
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4.4.2 Secondary analysis 
Survival to hospital discharge: admitted patients only 
Multivariate logistic regression was used to examine the likelihood of survival 
to hospital discharge in relation to age, sex, witnessed status, bystander CPR status, 
initial rhythm, QAS defibrillation, intubation, pre-ROSC and post-ROSC adrenaline 
administration, CCP attendance, and time on scene.  As the hospital level was known 
for all admitted patients, and was found to have a significant relationship in the crude 
analyses, it was also entered into the model for this analysis.  Initial regression 
modelling included a number of cases with standardised residuals greater than three; 
as these cases are potential outliers, they were excluded from the final model. 
A number of parameter estimates of model fit were examined.  The Ominibus 
test of model coefficients predicted the odds of survival to hospital arrival as 
statistically significant (p < 0.001); thus the null hypothesis that all of the predictor 
effects are zero was rejected. The Nagelkerke R2 as an index of effect size was 0.715. 
The correlation matrix was assessed to determine multicolinearity among 
independent variables (Appendix E).  All correlations were within a range of -0.632 
to 0.214, so were not highly correlated with each other.  Several variables failed to 
reach statistical significance in the model, including sex, QAS defibrillation, the 
administration of post-ROSC adrenaline, and time on scene.  The administration of 
pre-ROSC adrenaline was associated with a significant survival detriment, with more 
than a 90% reduction in survival to hospital discharge (OR 0.088, 95%CI 0.057 – 
0.135).  The attendance of a CCP was associated with more than a two-fold increase 
in survival to discharge amongst this patient group (OR 2.186, 95%CI 1.301 – 
3.675).  Results are displayed in Table 4.14. 
 
  
Chapter 4: Results 47 
Table 4.14 Multivariate logistic regression: survival to hospital discharge (admitted patients only) 
 
Predictor 
 
Survival to discharge 
      95% C.I. for OR 
B S.E. Wald df Sig. OR Lower Upper 
Age (years) -0.049 0.005 103.430 1 0.000 0.952 0.943 0.961 
Male 0.300 0.207 2.112 1 0.146 1.350 0.901 2.024 
Bystander witnessed 0.818 0.224 13.298 1 0.000 2.267 1.460 3.520 
Bystander CPR 0.955 0.230 17.170 1 0.000 2.598 1.654 4.081 
Initial shockable rhythm 1.605 0.313 26.322 1 0.000 4.977 2.696 9.189 
Defibrillated 0.397 0.379 1.098 1 0.295 1.487 0.708 3.125 
Intubated -0.721 0.236 10.326 1 0.001 0.469 0.295 0.744 
Pre-ROSC adrenaline -2.435 0.222 120.514 1 0.000 0.088 0.057 0.135 
Post-ROSC adrenaline -0.040 0.293 0.019 1 0.891 0.961 0.541 1.705 
CCP attendance 0.782 0.265 8.722 1 0.003 2.186 1.301 3.675 
Time on scene -0.007 0.008 0.699 1 0.403 0.993 0.993 1.009 
Admitted to tertiary hospital 1.015 0.208 23.700 1 0.000 2.759 1.834 4.151 
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4.4.3 Modelling using only variables studied by Woodall, et al.  
Logistic regression analysis performed by Woodall, et al. 12 controlled only 
for age, sex, initial rhythm, the presence of a witness, and bystander CPR.  To 
enable a direct comparison between this study, and the work by Woodall, et al. 12 
models were built using the same variables.  Crude analysis failed to establish a 
significant relationship between the attendance of a CCP and survival to hospital 
discharge amongst the whole group and the subgroup of patients who were 
transported to hospital. Multivariate logistic regression analysis of admitted 
patients (where crude analysis established a significant relationship) was used to 
examine the relationship between demographic/pre-hospital factors (age, sex, 
intitial rhythm, the presence of a witness, bystander CPR, and CCP attendance) and 
survival to hospital discharge. 
A number of parameter estimates of model fit were examined.  The Ominibus 
test of model coefficients predicted the odds of survival to hospital arrival as 
statistically significant (p < 0.001); thus the null hypothesis that all of the predictor 
effects are zero was rejected. The Nagelkerke R2 as an index of effect side was 
0.625. 
The correlation matrix was assessed to determine multicolinearity among 
independent variables (Appendix F).  All correlations were within a range of -0.421 
to -0.080 so were not highly correlated with each other.  The model shows that all 
variables with the exception of sex are significant predictors of outcome.  The 
attendance of a CCP was associated with a 52.2% decrease in survival to hospital 
discharge (OR 0.478, 95%CI 0.343 – 0.666).  Table 4.15 presents the results. 
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Table 4.15 Multivariate logistic regression: Survival to hospital discharge (adjusting for demographic/pre-hospital characteristics, admitted 
patients only) 
 
Predictor 
 
Survival to discharge 
      95% C.I. for OR 
B S.E. Wald df Sig. OR Lower Upper 
Age (years) -0.059 0.004 198.504 1 0.000 0.943 0.935 0.951 
Male 0.173 0.178 0.937 1 0.333 1.188 0.838 1.686 
Bystander witnessed 0.922 0.198 21.703 1 0.000 2.514 1.706 3.705 
Bystander CPR 0.742 0.195 14.541 1 0.000 2.100 1.434 3.075 
Initial shockable rhythm 2.014 0.222 82.373 1 0.000 7.490 4.849 11.570 
CCP attendance -0.738 0.169 19.076 1 0.000 0.478 0.343 0.666 
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4.5 RELATIONSHIP BETWEEN ADRENALINE AND SURVIVAL 
The attendance of a CCP was associated with a significantly greater proportion 
of patients receiving pre-ROSC adrenaline (87.6% versus 51.0%, p < 0.001).  The 
administration of pre-ROSC adrenaline was noted to have a significant negative 
association with the presence of ROSC at hospital (crude OR 0.76, p < 0.001) and 
survival to hospital discharge (crude OR 0.20, p < 0.001) both in the crude analysis 
and regression modelling.  A greater proportion of patients who received pre-ROSC 
adrenaline were male (70.9% v. 65.3%, p < 0.001), were initially in a shockable 
rhythm (36.9% v. 30.6%, p < 0.001) and received bystander CPR (65.2% v. 55.5%, p 
< 0.001) when compared with those patients that did not receive pre-ROSC 
adrenaline.  These three patient/pre-hospital variables are all known to be associated 
with a positive outcome.  This combined with the conflicting results between crude 
analysis and logistic regression modelling prompted further investigation. 
To examine the relationship between adrenaline administration and survival 
amongst those patients attended by CCPs, further chi-square analyses were 
conducted.  The administration of pre-ROSC adrenaline by CCPs was associated 
with poorer outcomes within the whole patient group, transported patients, and 
admitted patients.  Table 4.16 presents the results. 
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Table 4.16 Chi-Square analysis: relationship between adrenaline administration and survival (patients attended by CCPs) 
  
Total Deceased Alive     
 
n % n % n % OR Significance 
ROSC at any time Adrenaline  3,704 87.6% 2,533 89.7% 1,171 83.3% 0.58 χ
2= 34.404 
p < 0.001 No adrenaline  526 12.4% 292 10.3% 234 16.7% 
ROSC at hospital Adrenaline  3,704 87.6% 2,742 90.3% 962 80.6% 0.45 χ
2= 73.244 
p < 0.001 No adrenaline  526 12.4% 295 9.7% 231 19.4% 
Survival to hospital 
discharge 
Adrenaline  3,617 88.0% 3,500 90.2% 117 51.1% 0.11 χ
2= 312.180 
p < 0.001 No adrenaline  494 12.0% 382 9.8% 112 48.9% 
Survival to hospital 
discharge (Transported) 
Adrenaline  1,252 85.6% 1,135 92.1% 117 51.1% 0.09 χ
2= 263.419 
p < 0.001 No adrenaline  210 14.4% 98 7.9% 112 48.9% 
Survival to hospital 
discharge (Admitted) 
Adrenaline  966 83.5% 849 91.5% 117 51.1% 0.10 χ
2= 217.455 
p < 0.001 No adrenaline  191 16.5% 79 8.5% 112 48.9% 
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Chi-square analyses of the relationship between CCP attendance and key 
demographic variables in patients who had not received pre-ROSC adrenaline found 
few differences between the two groups.  Those patients not receiving pre-ROSC 
adrenaline and attended by a CCP were younger (69.11 years v. 70.57 years, p = 
0.003), and more likely to be in a shockable rhythm (36.2% v. 27.3%, χ2 = 11.797, p 
= 0.001) than those patients not treated by CCPs.  No significant differences were 
found between the groups for sex (64.8% male v. 65.6%, χ2 = 0.082, p = 0.774), 
witnessed status (54.2% bystander witnessed v. 49.4%, χ2 = 3.049, p = 0.081), and 
proportions of patients receiving bystander CPR (58.0% v. 54.12%, χ2 = 2.014, p = 
0.156).  Despite the few differences between the groups, the attendance of a CCP 
was associated with a survival benefit across all measured outcomes.  Table 14.17 
presents the results. 
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Table 4.17 Chi-square analysis: Relationship between CCP attendance and survival (patients who have not received pre-ROSC adrenaline) 
  
TOTAL Deceased Alive     
 
n % n % n % OR Significance 
ROSC at any time CCP attendance 526 37.2% 292 29.1% 234 56.7% 3.18 χ
2 = 94.817 
p < 0.001 No CCP attendance 889 62.8% 710 70.9% 179 43.3% 
ROSC at hospital CCP attendance 526 37.2% 295 29.2% 231 57.0% 3.22 χ
2 = 95.861 
p < 0.001 No CCP attendance 889 62.8% 715 70.8% 174 43.0% 
Survival to hospital 
discharge 
CCP attendance 868 63.7% 382 32.6% 112 58.3% 2.89 χ
2 = 47.069, 
p < 0.001 No CCP attendance 494 36.3% 788 67.4% 80 41.7% 
Survival to hospital 
discharge (Transported) 
CCP attendance 210 43.1% 98 33.2% 112 58.3% 2.81 χ
2 = 29.905 
p < 0.001 No CCP attendance 277 56.9% 197 66.8% 80 41.7% 
Survival to hospital 
discharge (Admitted) 
CCP attendance 191 51.1% 79 43.4% 112 58.3% 1.83 χ
2 = 8.331 
p = 0.004 No CCP attendance 183 48.9% 103 56.6% 80 41.7% 
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Multivariate logistic regression analysis of patients who did not receive pre-
ROSC adrenaline was performed for each outcome measure included in the Woodall, 
et al. 12 study.  Regression models were used to examine the likelihood of survival in 
relation to age, sex, witnessed status, bystander CPR status, initial rhythm, and CCP 
attendance.  If the initial regression model included cases with standardised residuals 
greater than three, these were excluded from the final model as optional outliers.  
 A number of parameter estimates of model fit were examined.  The Omnibus 
test of model coefficients predicted the odds of survival across all analysis groups to 
be significant (p < 0.001); thus the null hypothesis that all of the predictor effects are 
zero was rejected. The Nagelkerke R2 as an index of effect size is reported below 
each of the tables below (Table 4.18 to Table 4.21).   
Correlation matrices were assessed to determine multicolinearity among 
independent variables (Appendix G).  All correlations were below the suggested 0.70 
cut off, so were not highly correlated with each other.  Across the range of survival 
outcomes, the attendance of a CCP was a significant predictor of improved patient 
survival.   
Table 4.18 Mulivariate logistic regression: ROSC at hospital (patients who did not 
receive pre-ROSC adrenaline) 
 
Predictor 
 
Survival to 
discharge 
      95% C.I. for OR 
B S.E. Wald df Sig. OR Lower Upper 
Age (years) -0.061 0.004 252.378 1 0.000 0.941 0.934 0.948 
Male -0.571 0.197 8.410 1 0.004 0.565 0.384 0.831 
Bystander 
witnessed 1.346 0.207 42.215 1 0.000 3.842 2.560 5.766 
Bystander CPR -0.210 0.195 1.165 1 0.280 0.810 0.553 1.187 
Initial shockable 
rhythm 3.351 0.224 223.584 1 0.000 28.540 18.394 44.283 
CCP attendance 2.373 0.219 117.528 1 0.000 10.728 6.986 16.475 
Nagelkerke R2 = 0.751 
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Table 4.19 Multivariate logistic regression: Survival to hospital discharge (patients 
who did not receive pre-ROSC adrenaline) 
 
Predictor 
 
Survival to 
discharge 
      95% C.I. for OR 
B S.E. Wald df Sig. OR Lower Upper 
Age (years) -0.101 0.008 177.780 1 0.000 0.904 0.890 0.917 
Male -0.270 0.270 1.002 1 0.317 0.763 0.449 1.296 
Bystander 
witnessed 0.921 0.300 9.401 1 0.002 2.511 1.394 4.523 
Bystander CPR 1.430 0.318 20.236 1 0.000 4.177 2.241 7.788 
Initial shockable 
rhythm 3.604 0.359 100.848 1 0.000 36.763 18.192 74.290 
CCP attendance 1.722 0.266 41.928 1 0.000 5.597 3.323 9.426 
  Nagelkerke R2 = 0.871 
 
Table 4.20 Multivariate logistic regression: Survival to hospital discharge (patients 
who did not receive pre-ROSC adrenaline, and who were transported) 
 
  
Predictor 
 
Survival to 
discharge 
      95% C.I. for OR 
B S.E. Wald df Sig. OR Lower Upper 
Age (years) -0.064 0.007 92.093 1 0.000 0.939 0.926 0.51 
Male -0.046 0.282 0.027 1 0.870 0.955 0.550 1.659 
Bystander 
witnessed 0.821 0.319 6.635 1 0.010 2.273 1.217 4.246 
Bystander CPR 1.325 0.305 18.856 1 0.000 3.762 2.069 6.842 
Initial shockable 
rhythm 1.840 0.338 29.626 1 0.000 6.294 3.245 12.208 
CCP attendance 1.462 0.265 30.484 1 0.000 4.316 2.568 7.253 
Nagelkerke R2 = 0.536     
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Table 4.21 Multivariate logistic regression: Survival to hospital discharge (patients 
who did not receive pre-ROSC adrenaline, and who were admitted) 
  
Predictor 
 
Survival to 
discharge 
      95% C.I. for OR 
B S.E. Wald df Sig. OR Lower Upper 
Age (years) -0.044 0.006 59.061 1 0.000 0.957 0.946 0.968 
Male 0.385 0.278 1.925 1 0.165 1.470 0.853 2.532 
Bystander 
witnessed 0.585 0.321 3.328 1 0.068 1.795 0.957 3.365 
Bystander CPR 1.164 0.296 15.429 1 0.000 3.202 1.791 5.722 
Initial shockable 
rhythm 1.281 0.319 16.141 1 0.000 3.601 1.927 6.797 
CCP attendance 0.777 0.260 8.969 1 0.003 2.176 1.308 3.619 
Nagelkerke R2 = 0.379 
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Chapter 5: Discussion and Conclusions 
The advantage of paramedics providing ACLS in addition to BLS in the setting 
of OOHCA has previously been examined with mixed results.  The OPALS study 
prospectively collected data following the introduction of ACLS into a system that 
had been optimised to deliver high quality BLS and rapid defibrillation, and found no 
significant improvement in patient survival, however several years later Woodall, et 
al. 12 reported a significant improvement in patient survival attributable to the 
attendance of ACLS trained paramedics.18 Some key differences were identified in 
the training of ACLS providers, with paramedics in the study by Woodall, et al. 12 
receiving significantly more education and training, with a specific focus on 
providing good clinical leadership.  This study was designed to examine the impact 
on survival of the provision of ACLS by CCPs in Queensland, Australia.  The 
demographic and pre-hospital characteristics of patients in the study are discussed in 
section 5.1.  The differences in characteristics of patients attended by CCPs and non-
CCPs and the care that each skill level provided to victims of cardiac arrest have 
been compared (Section 5.2). Section 5.3 discusses each of the variables associated 
with the achievement of ROSC, the presence of ROSC on arrival at hospital and 
survival to hospital discharge, whilst section 5.4 discusses the logist regression 
models.  Finally, section 5.4 details the unique contributions of this research, section 
5.5 details the limitations of this research, and sections 5.6 and 5.7 outline the 
recommendations for future research and provide a detailed conclusion. 
5.1 DEMOGRAPHIC AND PRE-HOSPITAL CHARACTERISTICS 
The study population consisted mostly of men with a mean age of 
approximately 69 years, similar to previous works in Queensland, and also 
internationally. 12,18 Whilst fewer cardiac arrests in this study were witnessed by a 
bystander than previous exploration of cardiac arrests in Queensland,  the proportion 
of patients suffering a witnessed cardiac arrest was greater than the largest 
international study to date. 12,18 Further, a greater proportion of patients in this study 
received bystander CPR, particularly when compared to the OPALS study, where 
only 14.4% of patients in the ACLS phase received bystander CPR. 12,18  This may 
contribute to the marginally higher proportion of patients being in a shockable 
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rhythm on arrival of paramedics despite the considerably shorter response times 
reported in the OPALS study. 12,18  
Queensland is a geographically diverse state, the second largest in Queensland 
and this study is the first to report the location of cardiac arrests in Queensland with 
respect to rurality.12,18 The majority of cardiac arrests occurred in major cities 
(61.3%) or inner regional areas (21.9%), whilst less than two percent of cardiac 
arrests occurred in remote or very remote locations.  This is likely due to the majority 
of the population living in Brisbane, Queensland’s capital, or along the eastern 
seaboard.12,18 
5.2 DIFFERENCE BETWEEN CASES ATTENDED BY CCPS AND NON-
CCPS 
A total of 6,043 patients were included in the final analysis: 4,230 in the CCP 
group and 1,813 in the no CCP group.  It is important to note that patients in the CCP 
group are likely to have received initial care by non-CCPs prior to the arrival of a 
CCP.  Varying demographic/pre-hospital characteristics have the potential to impact 
upon the findings of this study, and understanding these differences allows for well-
informed interpretation of both the crude analysis and regression models.  A 
comparison of characteristics was conducted, and supported by a comparison of the 
interventions provided to each patient group; the findings are discussed below.   
Younger age, suffering a witnessed cardiac arrest, receiving bystander CPR, 
and initially being in a shockable rhythm on the arrival of EMS, are all reported to be 
predictive of better patient outcomes.8,18,21 In this study, the group of patients where 
a CCP attended had a greater proportion of patients with these favourable predictors 
than those patients in the no CCP group.  These findings are dissimilar to previous 
examination of OOHCA patients of cardiac origin in Queensland, with the exception 
of bystander CPR rates.12 It is likely that several factors contribute to these 
differences, including a greater proportion of patients in this study being attended by 
a CCP (70% v. 57%), with a significantly shorter response interval (in the CCP 
group versus the no CCP group).12 A greater number of cases being attended by 
CCPs in this study is likely attributable to an increase in the number of CCPs being 
available to respond due to the ongoing training program.  Whilst the number of 
ACPs also increased, CCPs are somewhat a finite resource, whilst normal road 
ambulances are readily available to respond, particularly to the highest priority cases. 
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CCPs are also more prevalent in the metropolitan areas of Queensland, explaining 
the significantly shorter response intervals noted in this group.  Further, enhancement 
of dispatch protocols (updating of AMPDS) has resulted in a CCP routinely 
responding to all potential cardiac arrest cases.  It is also possible that CCP 
attendance is somewhat associated with patient viability as ACP crews habitually 
request the attendance of a CCP where active resuscitation is in progress, and where 
they consider it may be of benefit to the patient.  
The management of an OOHCA by QAS paramedics follows a similar 
algorithm regardless of skill set (Appendix B), however CCPs are able to provide 
additional pharmacology (sodium bicarbonate, calcium gluconate, magnesium 
sulphate and amiodarone) in select patients, and have the ability to insert an 
endotracheal tube (see Appendix A for skills matrix).  Despite these similarities, 
those patients in the CCP group received intravenous access and pre-ROSC 
adrenaline more frequently than those patients in the non-CCP group.  Whilst it is 
not possible to determine the timing of the arrival of CCPs on scene, nor the number 
of paramedics already on scene, or who performed the interventions, it is possible 
that more aggressive treatment in the CCP group is a result of additional clinicians 
being available to perform ACLS interventions without interruption of BLS (i.e. 
greater number of clinicians allows for simultaneous BLS and ACLS).  However, a 
comparison of the timing of ACLS interventions in both groups revealed no 
significant differences, suggesting that the attendance of a CCP increased the 
likelihood of ACLS skills being performed.  Importantly, time to defibrillation of 
patients found to be in a shockable rhythm was not significantly different between 
the two groups, indicating that both the CCP and ACP cohort are equally capable of 
early recognition of a cardiac arrest, rapidly identifying a shockable rhythm, and 
delivering a direct counter current shock. 
5.3 DIFFERENCES BETWEEN THOSE PATIENTS THAT SURVIVE, AND 
THOSE THAT DIE 
Several routinely collected variables were examined to determine their impact 
on survival from OOHCA of presumed cardiac origin.  These variables include pre-
hospital and demographic details; BLS skills such as defibrillation; and ACLS skills 
such as cannulation, the administration of adrenaline, and advanced airway 
management techniques.  Being able to identify the differences in characteristics of 
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survivors and patients who died, and the interventions that they received further 
informed the analysis and interpretations of the findings in the final modelling. 
Three outcome measures were examined within this study: the attainment of 
ROSC; the presence of ROSC at hospital arrival; and survival to hospital discharge.  
Younger age, presence of a witness, bystander CPR, the presence of a shockable 
rhythm, and shorter response intervals were all factors more prevalent amongst 
survivors (attainment of ROSC, ROSC at hospital, survival to discharge), consistent 
with previous research.18 Those patients with positive outcomes had significantly 
shorter response times, ranging from 0.73 – 1.73 minutes less (p < 0.001) than those 
patients who died, which is likely due to earlier access to a co-ordinated resuscitation 
attempt by paramedics that includes defibrillation of shockable rhythms.6 A greater 
duration of time spent on scene was associated with sustained ROSC and the 
presence of ROSC at hospital.  Whilst this could be interpreted that more time on 
scene is associated with a survival benefit, it is likely that paramedics are spending a 
longer period of time on scene stabilising the patient in the post-ROSC phase, rather 
than time on scene directly affecting the patients’ outcome.  Further, paramedics in 
Queensland are able to cease resuscitation and declare death after 20 minutes of 
unsuccessful resuscitation.15  
The association between interventions provided by paramedics differed across 
outcome measures, in particular endotracheal intubation, which was more common 
amongst patients achieving ROSC, but not amongst those surviving to hospital 
discharge.  Whilst there is no consensus as to the most appropriate means of securing 
an airway to optimise oxygenation, during the study period standard practice was to 
intubate patients in cardiac arrest, or to intubate patients shortly after achieving 
ROSC.9 It is possible that intubation was associated with ROSC due to guidelines 
and practice standards at the time of this study, rather than intubation having an 
impact on the attainment of ROSC.   
Cannulation as an intervention provides little more than a means for delivering 
medication directly into the patients’ circulation, however in this study appears to be 
associated with a survival benefit.9,15  It is likely that this survival benefit is a result 
of standard practice, whereby patients who achieve ROSC are routinely cannulated 
to facilitate ongoing optimisation of perfusion and to receive anti-arrhythmic 
medications if they are indicated.15 Interestingly, in the crude analyses, the 
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administration of pre-ROSC adrenaline was not associated with an increase in the 
number of patients achieving sustained ROSC, a result contrary to other international 
studies. 26,27,29,30,33-35 The administration of post-ROSC adrenaline however, was 
associated with improved patient outcomes.  This can be explained by the 
significantly reduced doses, and the ability of CCPs (ACPs are not authorised to use 
IV adrenaline outside of cardiac arrest) to titrate adrenaline to optimise perfusion.2  
The attendance of a CCP was associated with more than a two-fold increase in 
sustained ROSC (OR 2.19, p < 0.001) and the presence of ROSC at hospital (OR 
2.03, p < 0.001), however a significant relationship between CCP attendance and 
survival to hospital discharge was not established.  This result is surprising as some 
of the interventions that are associated with survival are only performed by CCPs, or 
occur more frequently when a CCP is in attendance.  One explanation is that ACPs 
now have not only more skills, but a greater knowledge base than in the study by 
Woodall, et al. 12, resulting in enhanced patient care by ACPs.  However, 36.6% 
more patients in the CCP group received pre-ROSC adrenaline when compared to 
the no CCP group, and pre-ROSC adrenaline administration was associated with an 
80% reduction in survival to hospital discharge, and may be a potential confounder.  
In the crude analysis of two sub-groups of patients, those that are transported 
and those that are admitted, similar findings were noted as those found when 
examining the entire patient group, however there were some differences.  These 
analyses were important, as they allowed for the examination of patients with the 
best possible chance of survival, as it excluded patients left on scene, and therefore 
those with the worst prognosis.  Interestingly, the significant relationship between 
cannulation and survival to discharge noted in the whole group became non-
significant amongst those patients who were admitted to hospital.  One explanation 
for this, is that the administration of pre-ROSC and post-ROSC adrenaline in this 
group was found to have a negative association with survival (pre-ROSC adrenaline 
OR 0.14, p < 0.001; post-ROSC adrenaline OR 0.44, p < 0.001).  Adrenaline is the 
primary agent being provided via the cannula in most circumstances, and with the 
negative association with survival, the previous positive association between the 
establishment of IV access and survival is likely to have been reduced. 
The use of LMAs in these two sub-groups of patients were not associated with 
survival.  Intubation however, was negatively associated with survival to hospital 
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discharge in both patient groups.  The attendance of a CCP was also negatively 
associated with survival to hospital discharge, but was only significant in the 
admitted patient group (OR 0.53, p < 0.001).  A potential reason for this, is that all of 
the interventions that are associated with poorer outcomes are either provided only 
by CCPs, or occur more frequently when a CCP is in attendance.  From the data 
collected and examined, it is impossible to fully disentangle the effect of ACLS 
interventions and skill level.  Whilst CCPs have greater freedom in their clinical 
judgement, they are still expected to follow a resuscitation algorithm, and if the 
interventions are associated with poorer outcomes, the crude analyses will most 
certainly be confounded by the association between each of the interventions and 
survival.   
5.4 REGRESSION MODELLING – SURVIVAL BENEFIT PROVIDED BY 
CCPS 
Primary analysis of 6,043 patients examined the impact of demographic/pre-
hospital characteristics, time intervals, and interventions on survival.  Three outcome 
measures were utilised in the primary analysis: attainment of ROSC; the presence of 
ROSC at hospital arrival; and survival to hospital discharge.  These three outcome 
measures enable the examination of short, and medium-term survival of patients.  
Following the crude analyses of data (Section 5.3), regression modelling was used to 
determine the relationship between significant variables and each outcome measure, 
with a particular interest in the impact of the attendance of a CCP.  The attendance of 
a CCP did not reach statistical significance in the crude analysis of survival to 
hospital discharge; a regression model was not built for this outcome. 
5.4.1 Demographic/pre-hospital characteristics 
Crude analyses of the dataset revealed a significant relationship between each 
outcome measure and age, sex, witnessed status, bystander CPR, and initial rhythm. 
Whilst each of these variables remained significant predictors of ROSC in the 
regression model, bystander CPR changed from a positive relationship in the crude 
analysis to a negative relationship in the regression model.  It is important to note 
that whilst the standard data collection form allows for paramedics to report any 
attempt at CPR by bystanders or effective CPR by bystanders, there is no guidance 
as to what constitutes effective CPR.  For this reason, any patient with a documented 
attempt of bystander CPR was considered to receive bystander CPR, regardless of its 
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perceived effectiveness.  Further, emergency call takers provide CPR instructions to 
all callers where the patient is suspected to be in cardiac arrest, irrespective of the 
patients’ viability.  In the study population, bystander CPR rates were noted to be 
particularly high, with more than two thirds of patients receiving bystander CPR.  
When looking at the association between bystander CPR and survival to hospital 
discharge amongst admitted patients (arguably the patients with the greatest 
viability), patients who received bystander CPR were more than twice as likely to 
survive.  It is acknowledged that whilst this statistically significant anomaly is not 
fully explainable, the quality and depth of the data inhibits full exploration of the 
possibilities, and that the current literature overwhelmingly indicates that bystander 
CPR is an essential component in the chain of survival.6 Furthermore, defibrillation 
was noted to be associated with a poor outcome in the regression modelling for 
attainment of sustained ROSC and the presence of ROSC at hospital.  Approximately 
one third of patients were found to be in a shockable rhythm on paramedic arrival, 
however almost two thirds of patients were defibrillated during their resuscitation 
attempt.  Whilst being in a shockable rhythm on paramedic arrival and termination of 
a lethal rhythm is known to improve patient outcomes, it is possible that patients who 
received a period of CPR and IV adrenaline may be confounding these results.  
5.4.2 Adrenaline administration 
The administration of adrenaline in cardiac arrest has long been debated, with 
the majority of studies being retrospective and/or observational in nature.23-30,32-35 In 
this study, adrenaline was administered on average 9.79 minutes from arrival at the 
patients’ side.  The current literature suggests that adrenaline administration within 
10 minutes of EMS activation, or within 10 minutes of EMS CPR commencement is 
associated with improved short and long-term outcomes.23,30 A mean response time 
of 10.52 minutes in this study makes the administration of adrenaline within 10 
minutes of EMS activation impossible, however adrenaline was administered on 
average within the 10-minute time frame from ambulance arrival at the patients side.  
Despite this, the timing of adrenaline administration was not shown to be a 
significant predictor of ROSC, ROSC at hospital, or survival to hospital discharge.   
Previous national and international works have demonstrated an association 
between the administration of pre-ROSC adrenaline and ROSC, but have failed to 
demonstrate improved long-term outcomes.26,27,29,30,33-35 Studies that did report 
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improvements in long term survival often had short response intervals and short time 
to administration intervals.24,28 More than three-quarters of patients in this study 
received pre-ROSC adrenaline; the majority in cases were a CCP attended (80%).   
Results of the crude analysis showed that the administration of adrenaline was 
associated with a non-significant reduction in likelihood of ROSC; a significant 
reduction in proportion of patients with ROSC at hospital (OR 0.066, 95%CI 0.051-
0.086); and surviving to hospital discharge in those patients who were admitted to 
hospital (OR 0.088, 95%CI 0.057-0.135).  Secondary analysis of patients who were 
attended by CCPs showed a greater impact, where the administration of pre-ROSC 
adrenaline was associated with poorer outcomes across all outcome measures. These 
results are somewhat surprising, however may be a result of the high frequency of 
adrenaline administration that is not seen in several of the conflicting studies, and the 
ability of Queensland paramedics to cease resuscitation in the field.23,24,28,29 
The administration of post-ROSC adrenaline is restricted to CCP practice, and 
guidelines allow for some clinical judgement in dosing regimens, where CCPs may 
deliver smaller or larger doses to patients, dependent upon their haemodynamic 
status in the post-ROSC period.  Post-ROSC adrenaline was associated with a 
significant improvement in the presence of ROSC at hospital, however very few 
patients who received post-ROSC adrenaline died in the field.  When looking to the 
association of post-ROSC adrenaline on survival to hospital discharge amongst 
admitted patients, there was no significant relationship noted in the multivariate 
regression modelling (p = 0.891).  It is highly likely that a proportion of patients who 
had ROSC at hospital were dependent upon adrenaline to sustain a perfusing rhythm, 
explaining the large difference between the two outcome measures.  Further, 
adrenaline is known to cause ischaemia in some vital organs, and this may contribute 
to the multi-organ failure often seen in cardiac arrest patients following their 
admission to hospital.31 
The insertion of an intravenous catheter was positively associated with each 
outcome measure in the crude analysis, and in the regression modelling of attainment 
of ROSC and ROSC at hospital.  It is not possible to determine if IV access occurred 
prior to, or after ROSC, only that it occurred.   No physiological relationship can 
explain the effect of cannulation on survival (other than its use to facilitate the 
administration of medications).  However, it is possible that an association has been 
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introduced due to the clinical practices of QAS paramedics, as ambulance guidelines 
advocate for the insertion of an intravenous catheter in the post-ROSC patient.  This 
is supported by the data, as 94% of all patients with ROSC received a cannula, 
compared with only 77% of those patients who did not achieve ROSC (p < 0.001).  
5.4.3 Advanced airway management 
In Queensland, endotracheal intubation is limited only to CCPs, significantly 
reducing several of the problems associated with endotracheal intubation highlighted 
by Morrison, et al. 9, which includes the requirement for extensive training and 
ongoing skills maintenance.  QAS guidelines also mandate the use of end-tidal 
capnography in all intubated patients, and extubation must occur if an end-tidal 
reading is not obtained, eliminating the risk of unrecognised oesophageal intubation.  
The literature reports conflicting and varied associations between intubation and 
survival.37,40,41,43-45 In this study, intubation was associated with both ROSC and 
ROSC at hospital in the crude analysis and the regression model, but not in the crude 
analysis of survival to hospital discharge.  Similar to cannulation, it is possible this 
result is due to practice guidelines, where the patient’s airway is secured prior to 
transport to facilitate optimisation of ventilation and oxygenation.  This explanation 
is supported by the data, which shows that more than two thirds (64.2%) of patients 
treated by CCPs were intubated.  Interestingly, the use of a laryngeal mask airway 
failed to reach significance in the crude analysis of attainment of ROSC and ROSC 
at hospital, however was associated with a reduction in survival to hospital 
discharge, consistent with current literature.40,45   
5.4.4 Human factors 
Although current literature and international guidelines remain unclear about 
the survival benefit of ACLS interventions, several studies have demonstrated a 
survival benefit associated with the attendance of ACLS providers, and in one study, 
a survival benefit despite the ACLS provider not providing any 
interventions.9,12,17,20,22  Woodall, et al. 12 proposed that the survival benefit 
associated with the presence of an advanced provider might be attributable to a 
seemingly unmeasurable factor such as advanced clinical decision making and 
leadership skills.  More recent evidence supports this theory, highlighting the 
significant impact that human factors and non-technical skills have on the quality of 
CPR, a known predictor of patient outcome.6,17,50,52-54 Further, Clarke, et al. 17 
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demonstrated that the introduction of a hands-off clinical leader led to a significant 
improvement in patient survival, where the CPR champions focus was ensuring that 
good quality BLS was being delivered in addition to timely ACLS interventions.  
Whilst the crude analysis of data from this study demonstrated a significant survival 
benefit (sustained ROSC and ROSC at hospital) associated with the attendance of a 
CCP, regression modelling did not demonstrate this same statistically significant 
survival benefit.  For the survival outcome sustained ROSC, one possible 
explanation is an insufficient sample size, with the 95% confidence including one, 
however not extending far beyond.  Another explanation for this finding is an 
interaction between CCP attendance, adrenaline, and an unknown factor. 
5.4.5 Secondary analysis  
Secondary analysis of the study population was performed on two specific 
patient groups: those patients who were transported to hospital, and those that were 
admitted; excluding those patients with a very poor prognosis.  A large number of 
variables were identified as having an association with survival to discharge amongst 
the transported patient group, with less aggressive management being favourable.  
However, the attendance of a CCP failed to reach statistical significance in the crude 
analysis, and regression analysis was not performed on this patient group.   
Similar findings were noted in the results of crude analysis of the admitted 
patients, where a number of additional predictor variables were included in the 
regression analysis.  Additional variables included on scene time, and transportation 
to a tertiary facility, as these were found to be significant in the crude analysis, and 
had large enough numbers that missing data did not significantly impact upon the 
model. It is important to highlight that the variable ‘being admitted to a tertiary 
facility’ attempted to capture the potential benefit of a multidisciplinary approach, 
however this study has not attempted to account for any changes to hospital practices 
during the study period.  Several of the included variables failed to reach significance 
in the model, including sex, on scene time, and the administration of post-ROSC 
adrenaline.   
Of particular note, the attendance of a CCP changed from a significant negative 
association with survival in the crude analysis, to a significant positive association 
with survival in the regression model.  Several further investigations of the data were 
unable to detect a reasonable explanation for this result.  Examination of the 
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correlation matrix failed to highlight a significant impact of one variable on another, 
as did stepwise regression modelling.  The negative association between intubation 
and pre-ROSC adrenaline administration, and their increased utilisation in the CCP 
group, may provide some insight, however the depth of the analysis performed was 
unable to determine any interactions.  There may also be an interaction with a third 
unmeasured factor, such as the number of clinicians on scene.  Regression modelling 
of predictor variables explored by Woodall, et al. 12 (age, sex, witnessed status, 
bystander CPR status, initial rhythm, and attendance of a CCP) revealed the same 
negative relationship identified in the crude analysis.  These conflicting results may 
be the result of more complex interactions that were not examined in the Woodall, et 
al. 12 study, and changes to the scope of practice of ACPs.   
It is important to highlight that at the time of the Woodall, et al. 12 study, ACLS 
interventions were almost exclusive to the CCP cohort, and no attempts were made 
by Woodall, et al. 12 to disentangle the effect of the various ACLS interventions from 
the presence of a CCP.  As the scope of practice of ACPs and CCPs is increasing in 
similarity, it is important that each aspect of ACLS is investigated and included 
separately in the regression modelling (where a significant relationship has been 
established) so as to attribute any survival benefit provided by CCPs to CCPs, rather 
than a skill that they may/may not provide. 
5.4.6 Subgroup analysis 
In light of negative association between pre-ROSC adrenaline administration 
and survival, and the possibility of significant confounding related to the 
administration of pre-ROSC adrenaline, further investigations attempted to 
disentangle the effect of adrenaline on patient survival.  A subgroup analysis of 
patients who did not receive pre-ROSC adrenaline provided some insight.  In this 
subgroup of patients, differences between patients attended by CCPs and those not 
attended by CCPs were minimal, which is significant as any findings are less likely 
attributable to differences in demographic/pre-hospital characteristics.  Despite 
minimal difference between the groups in known predictors of survival, the group 
that had a CCP in attendance was found to have a significantly better chance of 
survival at all outcome measures, and in each of the subgroup analyses.  This 
positive impact was also noted in each of the regression models (adjusting for age, 
sex, witnessed status, bystander CPR, and initial rhythm).  One potential explanation 
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for this finding is that the exclusion of patients who have received pre-ROSC 
adrenaline may have removed the negative impacts of the drug, which is known to 
increase myocardial oxygen demand and worsen myocardial and vital organ 
ischaemia, and the potential distraction from more important interventions (such as 
clinical leadership).  This would highlight the benefit that is likely to be attributable 
to the advanced clinical knowledge and enhanced leadership skills of CCPs 
This study was unable to determine the number of paramedics on scene at a 
cardiac arrest, however in most cases CCPs are a secondary response and may be the 
third, fourth or fifth member of the resuscitation team.  Results by Hagihara, et al. 22 
show that the presence of a Physician had a significant positive impact on survival 
when the Physician was additional to normal ambulance staffing (i.e. fourth team 
member), but not when the physician was the third crewmember.  Further, Clarke, et 
al. 17 demonstrated that the presence of an additional highly skilled and experienced 
crew member who did not perform technical tasks, but provided clinical leadership 
resulted in a significant improvement in patient survivability.  In this study, CCPs are 
likely to perform a dual role in both the provision of additional ACLS, both within 
and beyond the ACP scope of practice, and clinical leadership to ensure that optimal 
care is provided to the patient.  The difference in the survival benefit seen in the 
whole patient cohort compared with that seen in the patients who did not receive 
adrenaline, may be attributable not only to the potentially negative side effects of 
adrenaline, but also fewer tasks being performed.  This would allow the CCP to take 
a hands-off role and focus primarily on leadership.  This rationale is further 
supported by the negative association between intubation (a skill performed only by 
CCPs) and survival to hospital discharge amongst the admitted patient group.   
5.5 UNIQUE CONTRIBUTION 
This study aimed to determine if the attendance of a CCP at an adult OOHCA 
of cardiac aetiology was associated with a survival benefit.  It is the first study to 
examine the survival benefit of an advanced provider in Australia in the setting of 
cardiac arrest since the publication of Woodall, et al. 12 in 2007.  Further, a wider 
range of variables was available for analysis, allowing for examination of the impact 
of advanced cardiac life support skills currently provided by the QAS.  The inclusion 
of a wider range of variables than previous research increases the likelihood that any 
survival benefit attributable to the attendance of a CCP is due to their advanced 
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training and knowledge, and their advanced clinical decision making skills, rather 
than any of the ACLS interventions that they provide over that of ACPs. 
Whilst the modelling revealed many complex relationships between predictor 
variables and outcome measures, the attendance of a CCP was found to be associated 
with a survival benefit in those patients admitted to hospital.  The use of ACLS skills 
such as endotracheal intubation and intravenous adrenaline were found to be 
associated with poorer long-term patient outcomes.  As the models incorporated 
many of the additional skills that CCPs provided in addition to the ACP skill set, it 
can be suggested that the survival benefit is attributable to the advanced clinical 
knowledge and decision making skills of highly trained clinicians, rather than the 
skill set that they provide.  
5.6 LIMITATIONS 
This study has several limitations, mostly relating to its retrospective and 
observational nature, and an inability to establish causal association between 
variables and outcomes.  The largest weakness of the study was an inability to 
increase the depth of the data collected.  Throughout the data cleaning and analysis 
process, it was noted that key pieces of information were missing from a number of 
cases, resulting in their exclusion from the final data set.   
Confounding is a well-recognised limitation of an observational research 
design that may alter the interpretation of study results.57 To limit the impact of 
confounding, regression modelling was performed for each outcome measure and 
each subgroup analysis where the variable of interest showed a statistically 
significant relationship with the outcome.57 Further, stratification of subgroups was 
employed to remove adrenaline as a potential confounder of results.  Whilst every 
attempt was made to reduce the effect of confounding, the list of variables available 
for analyses was limited by those collected during the study period.  There are many 
other factors, such as medications other than adrenaline and socioeconomic status 
that were not available, and may be confounding the data analyses. 
Whilst there was concerns for misclassification and recording bias due to the 
use of routinely collected data, the QAS makes every effort to ensure that accurate 
information is identified and recorded by frontline paramedics.  Further, for each 
case of cardiac arrest, not only is an electronic case sheet completed, but a 
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standardised ‘Death and Cardiac Arrest Form’ is also completed, both of which are 
collected and audited in a central location.  The recorded time that interventions 
occurred was identified as a potential source of recording bias, however the study 
examined time intervals, and it can be assumed that a single time keeping device was 
utilised throughout the case and that any variation would be consistent throughout 
the case. 
Rurality (ARIA classification) is a known predictor of poorer outcomes in 
critically unwell patients for several reasons.  Firstly, paramedics working in remote 
locations have less exposure to critically unwell patients regardless of the 
paramedics’ skill set. Further greater distance to tertiary facilities and definitive care 
often delays the advanced and co-ordinated multidisciplinary treatment that is readily 
available in metropolitan areas.  In Queensland, there are also fewer CCPs operating 
in rural and remote locations.  Whilst rurality was a known variable, it was not 
entered into any of the models, however admission to a tertiary facility was used as a 
predictor variable amongst the admitted patient group.  More than 80% of patients in 
the study group came from major cities or inner regional towns, where CCPs are 
widely available.  Half of those patients in outer regional towns had a CCP in 
attendance, whilst less than two percent of the entire cohort was located in remote or 
very remote locations, and in some instances a CCP did attend the cardiac arrest.  
Therefore it is unlikely that the addition of rurality into the regression modelling 
would change the results. 
Every attempt was made to examine the relationship between predictor 
variables and a range of survival outcomes.  Unfortunately, data pertaining to longer 
term survival points, and regarding the patients’ neurological status were not 
collected for the purpose of this study.  As such, this study is unable to determine the 
association between predictor variables and long-term patient outcomes.  
Finally, due to the relatively unique environment in which Australian 
paramedics practice; and the large variation in education, training, clinical scope, 
clinical exposure, and organisational structure; the results of this study may lack 
generalisability to other ambulance services, particularly those outside of Australia.   
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5.7 RECOMMENDATIONS 
This study has identified that the attendance of a CCP at an OOHCA of 
presumed cardiac aetiology has a significant positive impact patient survival to 
hospital discharge amongst admitted patients.  It has also highlighted the complexity 
of predicting how various factors impact on patient survival.  Additional and more 
complex interrogation of the study data beyond the scope of this research is required 
to determine further relationships between predictor variables and survival outcomes, 
in particular survival to hospital discharge.  
The current literature base is unable to provide a definitive recommendation on 
the use of ACLS interventions for victims of cardiac arrest in the pre-hospital 
environment.  Whilst it was not the intent to explore the impact of pre-ROSC 
adrenaline administration, the strength of the relationship between its administration 
and survival, and the impact that was noted in the regression modelling, warrants 
further investigation.  This study cannot definitively state that the administration of 
pre-ROSC adrenaline is directly associated with poorer patient outcomes, however it 
does add weight to the case that adrenaline may have a negative impact on patient 
survival, and highlights this as a topic that requires a high quality prospective study. 
Although analysis of a subgroup of patients identified that CCPs made a 
positive contribution to patient survival to hospital discharge, further analysis is 
required to determine the optimum number of clinicians to be present at an OOHCA, 
to enable the CCP to provide clinical leadership without being required to perform 
technical tasks that may diminish their ability to perform this role.   
Whilst every attempt is made by QAS to ensure the COR contains high quality 
data, further data cleaning relating specifically to scene times and time of arrival of 
CCPs may be of benefit and could be collected from other sources (computer aided 
dispatch software) to ensure completeness and accuracy.  Further, the database 
during the study period not contain sufficient information to include medications 
other than adrenaline.  Collecting this information in the future will assist in 
disentangling the effects of ACLS from overall survival benefit provided by CCPs.  
Additional information such as neurological function and long term survival 
(survival to 1 year, survival to 5 years, etc) would also be of benefit to future studies 
in this area. 
 72 Chapter 5: Discussion and Conclusions 
Ideally, a randomised controlled trial should be conducted to establish a causal 
relationship between the attendance of CCP and survival.  However, randomising 
whether a patient receives the highest level of clinical care available, versus standard 
care is fraught with ethical dilemmas.  Given this, it is unlikely that a randomised 
controlled trial could be conducted, and as such, further high quality observational 
studies are required.  
5.8 CONCLUSION 
This study aimed to determine whether the attendance of a CCP at adult 
OOHCA of presumed cardiac aetiology was still associated with a survival benefit 
despite the diminishing gap in the skill sets between CCPs and ACPs in the setting of 
cardiac arrest.  Current international guidelines recommend that individual services 
need to examine the evidence in the context of their operation and clinical abilities to 
determine if the provision of ACLS in addition to BLS by paramedics is likely to 
provide a survival benefit.  Previous examination of the QAS found that the addition 
of ACLS interventions provided by CCPs did in fact provide a survival benefit to 
hospital and to hospital discharge.   
In this study, multivariate logistic regression modelling found that the 
attendance of a CCP was not associated with a significant increase in ROSC or the 
presence of ROSC at hospital, however was associated with more than a two-fold 
increase in the probability of survival to hospital discharge amongst admitted 
patients, despite the seemingly negative impact of ACLS interventions.  Whilst 
short-term outcomes such as sustained ROSC and the presence of ROSC at hospital 
are important measures, long term patient survival is the ultimate goal, and a superior 
measure of successful resuscitation.  Unfortunately, long-term survival data was not 
available, however survival to hospital discharge was considered to be a reasonable 
proxy measure.  Analysis of a subgroup of patients (those who did not receive pre-
ROSC adrenaline) found that the presence of a CCP at an OOHCA of presumed 
cardiac aetiology was associated with a survival benefit for all outcome measures, 
further building the case that whilst individual interventions provided by CCPs do 
not impact on, or negatively impact on survival, the attendance of a CCP is still 
associated with improved outcomes.   
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Despite its limitations, this study has produced some significant results that 
contribute valuable information to this field, specifically the value of a specialist 
second tier response with a high level of clinical decision making capability and 
leadership skill.  It has also identified that there are complex relationships between 
predictor variables and survival outcomes that may explain the differences between 
the results of this study and those of previous studies.  These results support the need 
for further research regarding OOHCA, in particular the use of pre-ROSC 
adrenaline, the impact of paramedic numbers at scene, and how non-technical skills 
impact upon survival. 
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Appendices 
Appendix A 
Skills matrix adapted from QAS Clinical Practice Manual 2 
 
Intervention 
Advanced Care 
Paramedics 
Critical Care 
Paramedics 
Manual defibrillation ✔ ✔ 
Basic airway adjuncts ✔ ✔ 
Laryngeal Mask Airway ✔ ✔ 
Intubation 
 ✔ 
Intravenous access ✔ ✔ 
Intraosseous access 
 ✔ 
Adrenaline ✔ ✔ 
Sodium Bicarbonate 
 ✔ 
Magnesium Sulphate 
 ✔ 
Calcium Gluconate 
 ✔ 
Amiodarone 
 ✔ 
Normal Saline ✔ ✔ 
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Appendix B 
Cardiac arrest algorithm 
 
Suspected Cardiac Arrest 
Commence CPR 30:2 
Apply pads and check rhythm 
Shockable rhythm? 
Deliver DCCS Continue CPR for 2 mins 
Yes No 
Rhythm Check & continue 
CPR 30:2, reassess rhythm 
every 2 minutes 
 
Consider: 
• Reversible causes 
• LMA 
• ETT ** 
• IV access 
• IO access ** 
• Adrenaline 
• Amiodarone ** 
• Magnesium ** 
• Calcium  ** 
• Sodium Bicarb. ** 
Manage as per 
ROSC and 
Transport with 
pre-notification 
ROSC? 
Yes 
Consider 
recognition of 
life extinct 
(ROLE) 
No 
** CCP only skill 
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Appendix C 
Correlation matrix – Attainment of ROSC 
 Age Male Bystander 
witnessed 
Bystander 
CPR 
Initial 
shockable 
rhythm 
Age 1.000 -0.042 -0.176 -0.043 0.093 
Male -0.042 1.000 -0.041 -0.063 -0.122 
Bystander witnessed -0.176 -0.041 1.000 -0.120 -0.106 
Bystander CPR 0.043 -0.063 -0.120 1.000 -0.138 
Initial shockable rhythm 0.093 -0.122 -0.106 -0.138 1.000 
Response time -0.264 -0.061 -0.086 -0.135 0.069 
Defibrillated -0.147 -0.089 -0.057 0.001 -0.639 
Cannulated -0.544 -0.186 -0.026 -0.124 -0.009 
Intubated 0.051 -0.021 0.025 -0.010 0.079 
CCP attendance -0.181 -0.031 -0.024 -0.060 -0.054 
 
 Response 
time 
Defib. Cann. Intubated CCP 
attendance 
Age -0.264 -0.147 -0.544 0.051 -0.181 
Male -0.061 -0.063 -0.186 -0.021 -0.031 
Bystander witnessed -0.086 -0.057 -0.026 0.025 -0.024 
Bystander CPR -0.135 0.001 -0.124 -0.010 -0.060 
Initial shockable rhythm 0.069 -0.639 -0.009 -0.079 -0.054 
Response time 1.000 -0.028 -0.116 -0.031 -0.020 
Defibrillated -0.028 1.000 -0.079 -0.095 0.072 
Cannulated -0.116 -0.079 1.000 -0.028 -0.227 
Intubated -0.031 -0.095 -0.028 1.000 -0.622 
CCP attendance 0.072 -0.060 -0.227 -0.622 1.000 
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Appendix D 
Correlation matrix – ROSC at hospital 
 Age Male Bystander 
witnessed 
Bystander 
CPR 
Initial 
shockable 
rhythm 
Response 
time 
Age 1.000 -0.044 -0.188 -0.053 0.077 -0.249 
Male -0.044 1.000 -0.047 -0.059 -0.133 -0.044 
Bystander witnessed -0.188 -0.047 1.000 -0.117 -0.100 -0.090 
Bystander CPR -0.053 -0.059 -0.117 1.000 -0.115 -0.143 
Initial shockable rhythm 0.077 -0.133 -0.100 -0.115 1.000 0.058 
Response time -0.249 -0.044 -0.090 -0.143 0.058 1.000 
Defibrillated -0.143 -0.079 -0.057 -0.015 -0.675 -0.042 
Cannulated -0.487 -0.174 0.002 -0.062 0.024 -0.156 
Intubated 0.066 -0.027 0.027 0.008 0.078 -0.035 
Pre-ROSC adrenaline 0.061 0.045 -0.045 -0.061 -0.052 0.048 
Post-ROSC adrenaline -0.071 -0.048 0.086 0.010 0.107 -0.108 
CCP attendance -0.158 -0.013 -0.034 -0.042 -0.064 -0.014 
 
 Defib. Cann. Intubated Pre-
ROSC 
adrenaline 
Post-
ROSC 
adrenaline 
CCP 
attendance 
Age -0.143 -0.487 0.066 0.061 -0.071 -0.158 
Male -0.079 -0.174 -0.027 0.045 -0.048 -0.013 
Bystander witnessed -0.057 0.002 0.027 -0.045 0.086 -0.034 
Bystander CPR -0.015 -0.062 0.008 -0.061 0.010 -0.042 
Initial shockable rhythm -0.675 0.024 0.078 -0.052 0.107 -0.064 
Response time -0.042 -0.156 -0.035 0.048 -0.108 -0.014 
Defibrillated 1.000 -0.065 -0.083 -0.027 0.006 0.089 
Cannulated -0.065 1.000 0.105 -0.458 0.089 -0.209 
Intubated -0.083 0.105 1.000 -0.354 0.023 -0.553 
Pre-ROSC adrenaline -0.027 -0.458 -0.354 1.000 -0.122 -0.075 
Post-ROSC adrenaline 0.006 0.089 0.023 -0.122 1.000 -0.055 
CCP attendance -0.089 -0.209 -0.553 -0.075 -0.055 1.000 
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Appendix E 
Correlation matrix – Admitted patients, survival to discharge 
 Age Male Bystander 
witnessed 
Bystander 
CPR 
Initial 
shockable 
rhythm 
Defib. 
Age 1.000 -0.164 -0.290 -0.166 -0.066 -0.257 
Male -0.164 1.000 -0.067 -0.031 -0.048 -0.161 
Bystander witnessed -0.290 -0.067 1.000 
 
-0.116 -0.047 -0.079 
Bystander CPR -0.166 -0.031 -0.116 1.000 -0.010 -0.200 
Initial shockable rhythm -0.066 -0.048 -0.047 -0.010 1.000 -0.632 
Defibrillated -0.257 -0.161 -0.079 -0.200 -0.632 1.000 
Intubated 0.093 -0.044 0.020 -0.034 0.005 
-0.015 
-0.028 
Pre-ROSC adrenaline 0.214 -0.069 -0.032 -0.114 -0.015 -0.085 
Post-ROSC adrenaline 0.030 0.033 0.040 0.018 -0.019 0.044 
CCP attendance -0.194 -0.021 -0.031 0.002 -0.019 0.057 
Time on scene  -0.296 -0.003 -0.067 -0.089 -0.030 -0.060 
Tertiary hospital -0.029 -0.021 0.021 0.040 0.064 -0.011 
 
 Intubated Pre-
ROSC 
adrenaline 
Post-
ROSC 
adrenaline 
CCP 
attendance 
Time on 
scene 
Tertiary 
hospital 
Age 0.093 0.214 0.030 -0.194 -0.296 -0.029 
Male -0.044 -0.069 0.033 -0.021 -0.003 -0.021 
Bystander witnessed 0.020 -0.032 0.040 
 
-0.031 -0.067 0.021 
Bystander CPR -0.034 -0.114 0.018 0.002 -0.089 0.040 
Initial shockable rhythm 0.005 -0.015 0.009 -0.019 -0.030 0.064 
Defibrillated -0.028 -0.085 0.044 0.057 -0.060 -0.011 
Intubated 1.000 -0.169 -0.069 -0.474 -0.062 -0.100 
Pre-ROSC adrenaline -0.169 1.000 -0.060 -0.176 -0.261 -0.030 
Post-ROSC adrenaline -0.069 -0.060 1.000 0.001 -0.220 -0.113 
CCP attendance -0.474 -0.176 0.001 1.000 -0.207 -0.082 
Time on scene -0.062 -0.261 -0.220 0.207 1.000 -0.143 
Tertiary hospital -0.100 -0.030 -0.113 -0.082 -0.143 1.000 
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Appendix F 
Correlation matrix – Admitted patients, survival to discharge (Woodall 
comparison) 
 Age Male Bystander 
witnessed 
Bystander 
CPR 
Initial 
shockable 
rhythm 
CCP 
attendance 
Age 1.000 -0.220 -0.350 -0.291 -0.421 -0.219 
Male -0.220 1.000 -0.080 -0.110 -0.182 -0.106 
Bystander witnessed -0.350 -0.080 1.000 -0.141 -0.138 -0.088 
Bystander CPR -0.291 -0.110 -0.141 1.000 -0.150 -0.127 
Initial shockable rhythm -0.421 -0.182 -0.138 -0.150 1.000 -0.081 
CCP attendance -0.219 -0.106 -0.088 -0.127 -0.081 1.000 
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Appendix G 
Correlation matrices – Patients who did not receive adrenaline 
Correlation matrix – ROSC at hospital (patients who did not receive pre-
ROSC adrenaline) 
 Age Male Bystander 
witnessed 
Bystander 
CPR 
Initial 
shockable 
rhythm 
CCP 
attendance 
Age 1.000 -0.243 -0.438 -0.108 -0.445 -0.629 
Male -0.243 1.000 -0.089 -0.129 -0.256 -0.057 
Bystander witnessed -0.438 -0.089 1.000 -0.230 -0.008 0.144 
Bystander CPR -0.108 -0.129 -0.230 1.000 -0.203 -0.098 
Initial shockable rhythm -0.445 -0.256 -0.008 -0.203 1.000 0.443 
CCP attendance -0.629 -0.057 0.144 -0.098 0.443 1.000 
 
Correlation matrix – Survival to hospital discharge (patients who did not 
receive pre-ROSC adrenaline) 
 Age Male Bystander 
witnessed 
Bystander 
CPR 
Initial 
shockable 
rhythm 
CCP 
attendance 
Age 1.000 -0.197 -0.276 -0.456 -0.526 -0.482 
Male -0.197 1.000 -0.086 -0.126 -0.166 -0.002 
Bystander witnessed -0.276 -0.086 1.000 -0.129 -0.179 0.044 
Bystander CPR -0.456 -0.123 -0.129 1.000 -0.008 0.105 
Initial shockable rhythm -0.526 -0.166 -0.179 -0.008 1.000 0.183 
CCP attendance -0.482 -0.002 0.044 0.105 0.183 1.000 
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Correlation matrix – Survival to hospital discharge (patients who did not 
receive pre-ROSC adrenaline, transported patients only) 
 Age Male Bystander 
witnessed 
Bystander 
CPR 
Initial 
shockable 
rhythm 
CCP 
attendance 
Age 1.000 -0.198 -0.400 -0.329 -0.416 -0.441 
Male -0.198 1.000 -0.124 -0.081 -0.244 -0.002 
Bystander witnessed -0.400 -0.124 1.000 -0.179 -0.069 -0.026 
Bystander CPR -0.329 -0.081 -0.179 1.000 -0.169 0.113 
Initial shockable rhythm -0.416 -0.244 -0.069 -0.169 1.000 0.087 
CCP attendance -0.441 -0.002 0.026 0.113 0.087 1.000 
 
Correlation matrix – Survival to hospital discharge (patients who did not 
receive pre-ROSC adrenaline, admitted patients only) 
 Age Male Bystander 
witnessed 
Bystander 
CPR 
Initial 
shockable 
rhythm 
CCP 
attendance 
Age 1.000 -0.280 -0.392 -0.290 -0.295 -0.368 
Male -0.280 1.000 -0.078 -0.018 -0.236 -0.020 
Bystander witnessed -0.392 -0.078 1.000 -0.210 -0.167 -0.012 
Bystander CPR -0.290 -0.018 -0.210 1.000 -0.219 0.025 
Initial shockable rhythm -0.295 -0.236 -0.167 -0.219 1.000 0.027 
CCP attendance -0.368 -0.020 -0.012 0.025 0.027 1.000 
 
